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SECTION :I 



f 'i 



= v ii.'O'U R. EiN E R e Y S Q U R C E - THE S,U 




s number of sj-ars f ound Itli tha 
y veri^ nptol&rthy. However , as 
^prtant. It i\ certainly not thi; 
ounqest, the hottist nor the, 



■ !l^rtfver5.8. As faij" as stirs go, i 
far^s life on thts pJ^anet goes, it 11 
>airges|> nor th smal 1 est, th^ oltlisi ^ 
i qol^dert.' AsVp^f nP^^ class tf^^ 'as ) "Vir tequence%'lsp^(jtral^^ "G" ^^tar. 

■Stated simply I , tlijs ffieans that /our sun i:t^n average ru^^Athe-mill star with 
./a,gooci many-yi^s.of Ivfe still ^remaini^^.fei^ about fXe billion years thi 
riuh m been .prdvWln^the ir^thLwit^, nea^F afl of .its energy;" we can cVpftt on 
It'to continueli'd^toi§o.for the-^Xxt'4%^ yeari.'Si: is the onV^tar 

close enbygh to* enable sciefDtl^^ts to stu#y it In ra^r ftoa detall,-^^ / 

• - The earth revolves tfnouncHC^eisVn in an elliptical orbit at a distance 
■of .approximately 93 rtii'llion mll^s. ^t th'is distance, 1t_ takes 1 i|ht.' aTid other 
radiaht er|ergy f rom the sun ib'out 'and on^-hal*' minut^to reach . earth , ■ 
r BegaAseJbf the ^igW eccentrl^ty of ,the earth's orbit, we art somewhat. cTBser 
?: .'t^#e sun 'during wi nter months- t^^ suji' and; the: moon^ when-" 

^Viewed in: thi sky, appear te be approx^tely the^ame size; roughly, t^^ ^ 
appear to have'an^niular diamet^^of a*ut 1/2°. However, t^he moon -is only 
:240,000 mi les awayj When one real i zes , that the _ d1 aflater of t^e sun j's about ■ f 
864 000 mil is or over three t1#es thr distance from the earth to the moon, one 
begins to appreciate how larg^ the sun reaTly is. The VoTyme qf the sun is about 
V,300, 000. times that^f t|)e^arth. The mass^of the sun can be "determined' by 



r^measurintf 1t$^g^^^ the ealth.and rs f ound^to jbe about 

tM^ of thi^earthV Kifowing the mass 



2 X 10-° kilograms 'dr^^abbut 330.000 times t\ 



1 



trtd the volume, one can calcuTate^^^t^^ 
" be 1*4 grams/cubic centimeter* pni earth thii^;woMl<l no sUggtst either a-^^^^ 

. material in the solid or liquid states Hovieve^i un<Ser extrertie^re 

. temperature* gases also Mve densities of tthis^'Ordei^v. Pressure, fni the ihterjor 
of the sun probably reaches 1 x 10 pounds/intih , while yqu will rejcall that; 

riormal ^tmospfjeric prissure on the earth 1s ibbut 14,7 pounds/ 1 hch VA :V 

, ■ ' ■ ; , \:\ ' . ^ --^ 'r' ' ' ^ ■ ■ \ . ,:■■.'^■^"^\ ; ''^ •• ■ ■ ' 

t ^ The sun j like the .earths' rotates on its i^1s! from y/est :ta fea'st^^^ 
sun's equator is inclined about 7^ to the plane of\ the ecTiptIc |the 
_ the apparent path of the sun ^as it mov^ through the sky among the/; other stars)*, 
■^^ Unlike th6 earth its peHod of rotation varies with latitude rth^p 

rotation on its equator (0® latitude) is slightly less than 25 earth days* . 
\^ ^The period increases ^ about 33 days in Its pol^r regions. These differences 
are possible because of the gaseous natiire'^of the^ sun. \ Such periods can be ^ 
determined by studying the doppler shift with a spectroscope or, for , that matter, 
by merely observing the movement of sunspots across the face 'of the sun.\ 



* The sun is made 'up of various layersrthe boundaries are rathtf 
indistinct arid represent areas where certain dynamic processes give way tQ>others, 
The'part of the sun that we see is called the photosphere. It is a relatively 
thin layer about 200' or 300 miles thick. Study gf this '-surface" using proper . 
filters reveals bright granular areas 300-600 miles in diameter wrrounded by 
darker background.^ These are not "permanent features ^nd last 9nly for^ a few. 

Jinutes. The patterns are probably caused by hot gases moving upward at a 
yocity of about 1 mile/second while su^ounded by cooler, darker looking 
gases, 'The temperature of the photosphere i^ about 69^2k^(°k stands for 
degrees Kelvin. A^elvin degree is the same size as ^sXel si us degree; however; 



Vf the Kelvin or absolute teinperature scale ■starts dutf, at absolute zero, 6r*-273 C. 
^^f^C^ - 273^)). The density of the photosphere Js p^trhaps about 1/1000 that ^■ 
i, «f the earth's' atmosiJh^e at sea le 



■Directly: benWh tTie,photosphefe%.1s; th This'layeF-, • 

energy up^frorn thtf radiation zone. ; Thfe radiation zbnfe extends downward towards 
the core. Hare energy is transferred up\^rd chiefly ^by waves of, radiatii 



travillng at th6. speed of llgtjt (186,000 miles/second). By the time we reacrt 



the core,' we "find" temperatlires in the 'neighborhood of 16,000, 000°K (25,000,000 F) 
. aniTpressurei oneVkitindred billion tiptfs. larger thart atmospheric 'pressure on ^ 



Before--' 



earth. It^^s here that CQntinuous thermonuclear reactions" 
discuss^ these sun's ^energy, let us examine the * 



outer rSyers of the sun. 





STRUCTURE bF SUN. 
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arann net drawn t^scale.j 



,<> Just abovs the photosphere is a cooler layeV .(about SObO^KKcAlled 
the,reversihg layer. It is called this because^lt absorbs and then reradlates 
■ some of the energy passing through 1t in all. direction?* , Such absorption , 
^resu-ni in the charactferistil da'rk-linevSpactra (Fraunhofer lines) seen 
againsCthe contin uous >spactruni produced byHhe photos^ere^ Th esa are " 

' . ' * " - - ' ' 1 . 

observid ..and photographed tn spectrographlc studies of the sun. Helium 
■' . ^- ^ , t -. , 

ffirsj dls'covered on. the- sun in this way. AbiQ,r^tion spectra show thafr-approx- ' 

imately 70 elements exist on. the sun,. The fii^isnost abundant- el emen^ts are 

!hydKogfen-{90%), heVium (10%), oxygen {•.,p6f)i: nitrogen* (.03%) . and carbon (.^021). ' 

Movl'na sti.ll outward we find the, region known* as the chrpmosphere. 
, This extends about 6000 miles or more, above the photospheres WhfiTl "specijal , 
equipment is used to block out the brigfjt background light from the ,photospiftre, \ 
this" reddish-appeari'ng region can be seen. The color is due to, the most 
\ab,updint,gasv hydrogen, found in the region. , Hydrogen gas has a strohg- red 
' spectral 'line. Mj|st.4rfhfe gas fn the upper part of the chromosphere is ionized. 
6lons are atoms", which have lost or gained ellctrdns and therefore carry an 
electric charge.). Thfe temperature in the upper reaches of the chromosphere 
is high. (100, 000°K or higher).' 'However, the pressure \s very low. # * , ■ 

-■ ■ '5 ' "/ • ;■: • ' . ■ ; ■■' •■ ■ . 

' . i Final Jy we reach the corona. *fThis ^ale white halo extends one or two sur 

diameters' beyond the sun and ca^ be Readily seen during a .total solar eclipse. H 
can also b#»6bserA/ed' at other times Using a coronagraph. The corona appears to be 
. -made up of charged p^iclap.( protons 'especiallyj" streimlng away from the sun at 
velocHies' of^several thousand miles per"second. Here, the temperature is very 
high". 1 mi fl i'o'n ^degress "K. However, t^he ' pressure is ,exceedirigly low creating 
ah almost perfect vacuum. Consequently, this temperature is a kinetic 



temperature Based on the Average' kineti| energy of the moyiiae particles." The 
equi'librlurn ra^wAi^n temptrSture o#> an object placed 1ji the, cl^a' would ^ . * 
much low^r; in fact, it would, ba 'extreniely, cdld were It not for. energy received 
by radiation frtom the photosphere. , fhe'soTcaTled "solar. wind" is believe^ 
to Jbe rtterely an extension of .the coEona nWdhfng- out beyond .earth and the 
other pljtnets of , our solar*' system. % . ' . . • .\ 

A number of dynanfic ttraflsitory phenomena are observed occurring a\ 



v^fous levels in the soHarN atmosphere^.. .Sujispbts which appear asj^slightly 

darker areas^ on the sun's -surface, may deve|o£^s pec tally in a narrow region 

about 40° north or South of the equator. These appe jr. t« follow an 11 'y fear 

■ " . '■ ^ *# . 

cycle in whach^-solar activity' rises a'nd then fallVt^ Smaller sunspots are about 

' ■ ' . t'^ ■ ^ , . ' ' ' '\ ■ , 

the size of the earth; larger ones coyld hold thousands of earths.. 

' Prominences, condensed streams of hot luminous gases, canvbe sepn at 
times' expending thousands of miles into the* coroneil When s^en agatnst -Wie back- 
ground of the sun they appear as darker filaments,, often taking-, on an arch 
.shape as* they'lobp back to the "surface. These relatively lon^-llved phenomena 
seem tcT originate near sunspot groups. Flares are brigKt, short-lived' phenomena 
reaching their greatest intensity in a matter of minutes and lastirig, perhaps:, 
as long as an hour. They.us'ually origirrate from plage, bright areas >ordering 
sunspots - ^ " 



One flare may release -as much energy* as one billion hydrogen bombs. 

•Ifit were not for our earth's protective magnetic field and atmosphere, a 
* s-ingle solar flare could'wi'pe out. all life on earth with its x-ray and ultra-* 

viijlet rays. On the surface- of the sk^ small bright spots have been identified 
■ in x-ray*stud1es. These are^sMttered ove^ the surface of the sun aji^d are not 



^ * J , ^ - ^ ■ • ^' - I 

rfestrtcted to cfrtain regions as sun spots are* ^ey appear to ^e associated f ^ 
withMocal areas of intense energy emission. Even within the soTar corona, 

' ' ' ■^ ' * ' ■ i ■ 

great eKploslpns have l^een ^recently observed; these have been called "coronal ^ 
transients"/ Bugh quantities' of materials^ hundreds o#^ thousands of tons^ 
are 4iurled outward Into spate at enormous velocities, ^ 

It can be se^ thlt our nearest star is in a cons^tant state of, 
transformation. It is fortunate .that the earth 1s far eaough ^ronfl this violent 
rotating sphere o,ft gases to. enjoy a continual stream of radiation^t intensities 
that are both safe and fessential to life. , * * ^ ' 
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SECTION II 



ENERGY PRODUCTION ON THE SUN 



Occasionany ont hears. the sun described as "a hot ball o|^sj^nif^^ ||^^ 
gat^i^* Thiij of coursii is a very popr description iince the gases on the sun 
art not burning in the usual sesise of the woird. Burning refers to a cheitiical 

'process where a niaterial combines with an oxidizilg agent, often oxygen j in 
an exotheV'mic reaction giving off heat and light eftergy,* The process occtirrlng 

: on the tun is a nticlear reaction and quite different from the chemical reactions ** 
by which most- of our heat energy on earth iff now derived (burning oils pSs 
coal tjetc ). Crtemical reactions involve Rearrangement of the electrons .of 
the atoms; nuclear reactions involve changes within the rtucleui itself. The 
energy release associated with nuclear reactions Is enormous comparfed to that 
associated with chemical reactions' involving the same quantity ofinatter. 

There ara several kinds of nuclear raactlons. For example, there' 
are'^a number of naturally occurring radioactive substances such as uranium, 
thorium, etc.i^usually these are reTatively heavy elements. Spontaneously, 
scpi of the. nuclei in^atoms of these ma^rials undergo a nuclear change in . 
which QL particles (helium nuclei) or & particles (high-speed electrons) are . 
given off. Such emissions change the nucleus Into a^ new element with a lower 
atomic number and /weight or ^ into a new element with the,.E^e atomic weight but 

with a higher atomic number^' Through a series of such changes, these atoms 

',,1 ■ . . ^ 

ultimately become stablf^, rfonradtoactive substances having smaller atomic 

weights and numbers. ^ ^ 

c " ^ ^ 

A very feWx kinds of nuclei undergo a different sort of change. A 

nucleus of the- isotope uranium 235 (235 1s the mass^ number or atomic weight), 

when bombarded with low energy neutrons, may capture one and become unstaWe, 

n 



. - -s- 



This causes It to. split Inttt two smaller "nuclei ..Si/ch as- barium, and k|?ypton: . J 
and at tht same timt give'off stveral add,itionfil neutrons , plus a large amount 
of energy.. This is thi basis -Qf the atomic bomb as well- as the controlled, \_ 
chain reaction in fiuclear 'power reactors. Thlscprocess is known as fisslqn. 

A third kind oij /nuclear reaction known as nuqlear fusipfi. involves . 
esientially the oppos1te/iort %f process. It 'ipvolves^ the combl^nlnQ iof sever^ 
sma4l .nuclei into oni iaWgfer nucleusf with the suBseqi{ent release of huge 
amounts of energy. Thif/ procfss occui^on the sun./ In order for ^uch a reaction 
to occur^ temperatures^ must be extremely highp on the order of rnany millions of ; 
degrees. A fusion reacpion is therefore often cilled a thermonuclear reaction. 
So far s man has not been able to produce a useful, contrcflled, fusion reaction ^ 

he Has, however, produpd^tha fusion or hydrogen bomb, a bomb of enonmous 

■ ■ 'i ' " ■ ■ ^ ^' ' 

destructive capabilityr. ' \. 



one 



In order to/ understand why these nuclear reactions are possible, . 
needs to understand the' relationship between atomic mass and binding^ergy. 

It can be shown that/ the mass of a nucleus- is somewhat smaller than the mass 

- . ■^ ' - ;/ ^ ^ - ^ \ ^ 

of the individual particles of which it is composed; this difference is known 

* ■ ■- ■ ■ 

as the mass defect.; Years ago, Einstein ^proposed that mass and energy are 

equivalent and are/related by the relationship E ^ mc , where E is energy 

measursd in appropriate unifs^ m is mass, .and c is a constant, yie 'speed of 

light. The diffeyfencfe in mass between the sum of the masses of individual 

parrfcles that make up a nucleus and thfe actual mass of > the nucleus itself, then 

represents a certain amount of energy. This is the same amount of energy that^ 

would have to be/ expended to break up a nucleus into, individual particles; 

' this is kn^n as//the bindijfig energy. ^ % 



ERIC , 




ATOMIC MASS 



It can be seen in the diagram above that atoms o'f ihtermediate size 
such as iron (Fe) are the most stable since they have the greatest binding 
energy per 'nucleofit. (nuclear particle),. Increased stability can therefore be 
achieved by more massive. atoms giving of f a and s particles and ultimately 
becoming smallerlstable atQJTis. This can occur by certain larger, unstable atoms 
undergoing fission a)id breaking into smaller, intermediate-sized ait^rtsTor by 
several smalleriatoms combining to form a larger, more stable nucleus. In each 
case matter Is converted to' energy according to Einst|1n's equation E -» rac . 
Fusion reactions can be seen as offering the largest release of energy per 
nucliar particle, ■ ' 

Scientists ■believe that the sun and its planets formed out of a 
iarges contracting cloud of gas and dust. As the sun grew larger and-larger, 
its gravitational force increased. It continued to attract more and morl 
matter and grew even' larger. Finally, pressure and temperature Increased in 
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its Interior until they reached that necessary to sixain a fusion reaction. 
It Is estimated tfiat the temperature of the corf of the sun reaches 25,000,000^F, 
with pressure on the order of about one trillion pounds per square inch. 
It is almost Impossible to conceive how hot this really is-,, it has been said 
that a tfny plSce of this material the size of the head of a pin one hundred 
miles away would be hot enough to burn one to a crisp. Physicists have 
theorized that there are two possible fusion reactions that can account for 
the energy produced by the stars, .One Is known as the proton - proton reaction^ 
the other/is the carbon - nitrogen cycle. The latter one requires higher 
temperatures than exist on^the sun and is therefore an important process for 
stars larger than the sun, Both reactions have the same end result: four 
protons (bydrogen nuclei) arp converted into one helium nucleus. The series 
of readtions in the proton -proton reaction are given as follows in equation 
fdVm* * ^ ' 

'1*1 20 1 ' 

+ , + + neutriho - hydrogen nucleus 

.e^ + _,e^ ^ gamma ray .H^ = deuterium - 

* • heavier isotope of 

" hydrogen 

+ , ^He^ + gamma ray ^He^ - an isotope of helium 



^He^ + ^Hr^ gHe^ + ^H" + ^H^ + gamma ray 



gHe - conmion hel ium 
^e^ = positron 
^e^ ^ electron 



^ In this reactiyon four hydrogen nuclei are converted into one helium 

nucleus. Four hydrogenfatoms have an atomic mass of 4 x 1,008 atomic mas/units 
{a.m.u,*s ) while the resulting helium atom has an atomic mass of 4*003 a,m,u,'s. 
No electrons are involved in this reaction and therefore their mass can be 



ignored. This liaves a mass difference of 0.029 atomic mass units so that 
roughly 0.7% of the matter has been converted to energy- according to the 
relationsh,1p''E = mc^. Each second over 4 million tons of hydrogen ar^pnverted 
to helium: one can realize, then, that an enormous' amount of energy is 
continually produced by the sun. It amounts to a power outpMtiJS* roughly' ■ 
6 X 10^^ h^^. It might seem that at this conversion rate the sun would sbon 
run out of hydrogen. This 1s not the case; the sun is so massive that' there 
would still be plenty of hydrogen left after 150 billion years. Other changes', 
however-, should limit the remaining life of the sun to about 5 billion years. 
Most of this energy is produced deep within the of the sun where the 
temperature and pressure are greatest. It is estimated that about one one- 
thousandth of the solar volume produces roughly 50% of the total sun's energy. 
Initially most of this energy is in the form of gamma radiation. Gamma 
radiation is very high-energy electromagnetic radiation of the same sort as 
x-rays, ultraviolet, visible light, Infrared (heat), and radio waves. These . 
differ as to energy content; the shorter the wavelength (or higher the freguency),- 
the higher the energy content according to the relationship E,= hf where E 
is energy, h Is a„constant (Planck's), and f is frequency.' 

' All electromagnetic radiation travels at the speed of light. One 
might assume, then, that 'the energy produced within' the sun arrives-at the 
surface almost instantaneously. After all, it takes the sun's energy oply 8 1/2 
minutes to reach the earth. However, this Is not the case; it is estimated 
that it takes as long as 20,000 years for the energy to reach the surface of 
the sun. This is due to the numerous collisions which occur en route to the 
surface; the closely packed protons, electrons, and other particles within the 
•,,un bounce' the gamma rays back and forth. In the process, the initial gamma 



radiitlon is converted to some of each of the kinds of electromaghelic 
radiation mentioned above. At the surface of the sun, we find a distribution 
of energy as follows: approximately 41% of the energy lies in the visible . 
light region with wavelengths between 3800 ^ and 7600 ^. refers to an ' ^ 
Angstrom unlt^ 1 ^ - 10'^^ meters). Another 501 of the energy has wavelengths 
larger than Risible light and therefor^ lies iti the infrared region; a very 
small percentage of this falls 1h the radio wave region* The rest, apprdximately 
9%5 has higher energy waves in the ultravioTet or even .x-rltjMce^ These of 

r 

course are shorty high-friquency waves, ./ - - ^ * 

As might be expected, the energy released per unit area Sf the sun's 
surface is tremendous. Each square foot of the sun's surface radiates energy at 
the rate of about 7J80 hp. Another way of looking at this is that each square 
centimeter of solar surface radiates about 100,000 calories per minute. A 
calorie Is the amount of heat needed to raise the temperature of 1 gram of water 
one Celsius degree. Still another way of looking at the energy emitted il^in 
terms of the brightness or luminpsity of the sun. An ordinary 6.0-watt light bulb, 
may have a total light output of about 70 candlepower; the sun has an^put 
of IsSOOsOOO candlepower per square Inch of surface. All of this energy is 
radiated outward' in all directions. The earth is 93 million miles away and 
occupies a tiny spot in space. Only a small proportion of the sun's total radiani 
energy sweeps across this tiny target. At the very top of the earth's atmosphere 
approximately 1,94 calories per minute are received by each square centimeter 
of a surface aligned perpendicular to the sun's rays. While this may seem like 
a very tiny bit of energy compared to that available at the sun's surface^ it 
still amounts to about one=half million hp/square mile. If this energy were able 

ib' 
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to" penttrate the earth's atmosphere intact and reach the ^ earth. It would 
i^niount to approximately 210 trillion hp; more than 500,000 times the capacity, 
of all electric generating plants in the United States. - 

This average value of 1.94 calories/square cent1meter/Wnute or 1.94 
Langle^s/minute 1s known as the solar constant . Actually It varies slightly as 
'the earth - sun distance changes during the year* There 1s some evidetlce that 
this "constant" may vary 2% or 3% with changes In solar activity. Thi^ value 
can also be expressed as 1360 -watts/square meter. Whst liappens to thil energy 
as it travels down through the earth's atmosphere and how much ultimately arrives 

at the earth's surface will be discussed in one of the following sections. 

\ 
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SECTION r;i 



• ■ j, : , , T H E E A RT H 

A ■ &OLAR COLLECTOR SYSTEM IN SPACE 



Itfeallyt a lolar collector system should convert , radiant energy reqeived 

fronr^the sun jnto usable energy forms. , It should do this witli high ifffcj^cy 

and minimum loss-. Since.the sun^oes, not provide a constant source of energy at 

all times and places on earthy the systpm must have energy storage capability and 

1 .... . ' _ _ i 

some mechanis>n for energy transport when needed. Specific systems will be discussed 

later; In generaU^ though, they consist of 4 or 5 essential componen^ts: 

... Glazing : The purposeApf the glazing, or %over for the colleqtor is to 

admit as much of the Incoming radiation as possible and at the same time 
; preVentHhe -convective heat loss from within the collector. In other j 

woras.nhe glazing must be transparent to incoming radiatign and opaque 
to outgoing radiation. Here is where knowledge of radiation laws will^.^ 
help. The wavelengths ofUhe makimum amount of radiation erpttted by an 
object varies inversely with Its ab^lutfr temperatirtie: 'l^einU. Law)^ ^ 



V 



X max = jQ-^ 

The temperature of the sun's surface is roughly 5800°K. Substituting 
the equations 

A,max = 4|f^. = 5x10-% or .5, . . - ' 

(often electromagnetic wavelejigths is expressed in units of microns/us 
[ly = 10"^cm])* This places the maximul'radiatlon eiiiitted from the sun*s 
surface in the ultcaviolit region. h 

On the other' hand the temperature of the surface of the receiver 1s 
much lower. For exampl's, to star^ with. It might be about 15°C 

.18 ■ 



(64'F or 2^K) . Th1s«temperat\ire^ha{)p|ris tp Jje •thfrrapproximate 
melan temperatur'e of the tarth. ' ' " * 



' ' ,29 cm°K ■ in-J, 



■ 1 max = IggoK = lO'^'cmor lOy , , ' , ■ . . 

A wave 10m long happensr to^ be 1n the ■middle of'"the .Infrared band, A good, 
glazing materials would be one that would admit ultraviolet and visible 
Might but wquld be opaque to. infrared; GlassV tib^y^glass* and certain 

ether plastics admit visible li^ht and. In sortW c^sps, ultraviolet but are 

-■ . - - ' . ■ ' - ^ ' ^ ^ ^ ' 

opSque to infrared. . ^ ^ A \ ■ ' 

- ■ % * . ' ■ ^ ' ^ , - * 

- - ■_ ' ^ ft ^ . . ^ ■ 

gollectton PI ate f ^ Tbe^col lection plat^ js the.^p^t of the system that 

intercepts the sun's rays, ^deally it's surface should be priented at 

rig|it angles to the rays so that it. receives maximum energy per unit area. It 

ihould* absorb as much of the energy received as possible with^mim mum reflection., 
_n ge^raU thm.\eans It will haOe a dark color and relatively large surface 
area per unit wlume. It should have good heat conducii v^'ty so that it can 
'readily transfer energy to the trnasparent medium: If possible, it should have 
^a selective surface^ one which absorbs energy of incoming radiation readily 
but reradlates littleiof the longer wavelength infrared,, Man-m*de solar 
collectors use copper, alumlnuitvi steel, and some plastics as collector plates i 
with black paint^or selective surfaces of other materials, ' . ^ 

Energy Transport Mechanism: Since energy^st be moved over considerable 
distances^ energy t^anspj^rt by convective means^ either natural or forced, 



is genef/l,l^ u 
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sed. This means that, fluid such as a1r, water, 

'A* 



Id 




. 1 - 



or mixtures of water^lytQl or other speplal I1qui# muH 

' ^ *- ^ ' - ' ' ^ 

These shoultl have high Tieat capacity and low vificosjtj; they ihould also- 

Am cheapo nonc6rrosi ve, stable and not freeze under deslgp conditions 

F^s or pumps may be n^j&ded to crea^ pressure differentials nn j - ^ i 

order to produce sufficient f Tbw ra*es T^'n some cases , '^tempera^^ , ^ ; 

I- ( ^ i . . ^ ' ' 3 

differences between storage unit and coll ectoi^ may Be sufficient to 

* ^ ' ' ' .. ^ . " ' 

provide ^adequate convective flow. Copper or giluminum^bingo's of^n 

^ * . _____ ' 

used to transport liquids while ducts ar&. used for air, , ^ 



Energy StO'rage Medium; This may b€ a reservoir of the same material 



usfed.tp transport energy or It may be a seplirate substanA coupled 
■^with the energy transport system through i heat exchan-g^r, ft^should 
have high he|it capacity (high specific 'heat) and it should be .stable 
It desiga temperature. Since laVg^ quaptitjps ma^ be required, it 
must be re^lvely inexpensive. , Substances such pis water, pebbles,. 
,sand, concrete blocks, etcf have been useJ. In addition, use^s 
sometimes made of substances that undergo phase. changef at suitable. 



design temperatures; the rather Urge^ amount of^enersy released or 
absorbed in. such ^changes minimizes the amount of materials needed^^ 

^ Substances such as eutectic s^lts, salt hydrates, paraffin, etc."^ 

|;:being tested for t^is purpose. . , 

ContainerC ^ In order to minimize conduction, radiation, and convection 
losses, the various components of the system must be contained and 
provided, with sufficient insulation. The container holding the 
collection plate may be i^et^l, fiberglass, or^^ even wood. It^ should, 
be resistant to ultrayfolet degradation an^d temperatures of several 
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I hun^i^ed degreA (400?F^/ (lnsiilaW-0^^^ such as ffiberglass/ pDlyurethane 
foam I etc. can be Used tp Mnimize heat loss* 

In 'operation r the Wf^^Jlactor^.is positioned so. that incoming ^ ^ • 
s^ar y^aiiatlqn reS^h|s the c^^jj^^r ^s^^b. Ttre glazing permits . , 




ttbst of ^the^ultravlfalXt anfl, vmbTe tight t?.^^^*^ Jhroaghtltj^a^,^ ^ 
sma?l 'amount of energ^ 1s, absorbed ii^ #ie gla^i^ and an adi^^tional 

amount Is reif.lected &ack.' The amount ieflected depends.iAo same extei 

t,' " . ■/'.'" . ■■ i ■ ' . 'f ■'i'."*''' ' * f i ' 

' on the o'risntatlon .of.the 'conector; less T^|ht m "aBsorbe'd 'and J 



ht 

/ 



reflected when the, glazing is perpendicular to the sun*s.rays, 
Transmitted radlaftion sW^lkes the collectdr plate. Again a small ^ ^ 
amourtt of eliergy is reflected; mssT^ however^ Is absorbed, ^The atoms ^ 
of the: col lector plate gain kinetic energy and the temperature rises, ^ > 
Like any other bocU'j'the co^llector ^1 ate ^ radiates energy., However.^^i ts \ 
temperature is lovvpft only Infrared radiation is given off. The 
glazing traps the infrared radiation and ±he air temperl^ture above 
th'e collector pCte continues to rise, .^A| the temperature Inside , ;^ 

the container increases conduction, heat losses increass because of 
^■the-lhcreased temperature dtfferenc^ betweenMnsi demand out, /Also, the ^ 
radiation Josses increase due to their dependence oa the fourth power 
of the temperature. EYentuan| equilibrium is estab'Tished; the 
temperature inside the collector reaches ^6me maximiHn value. At - 
this point, the heat losses of all kinds just balance the^heat Input. 

Norniany, Is soon as the temperature of the collector is slightly above 
the temperature of the energy storage medium,* the energy transpoi^t ^ 
system becomes operable. Therefore^ instead of reaching ^some higher 
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""static temperature the conector remawis mu^h cooler as* energy is 

removed* continuously. As the sun's energy dim,inij'hes ^ a po"^nt is 

reached where the collector temperaturte drops below the temperature". 

of the energy stoMge medium. At this point the transport ^sys tern 

no longer circulates the mediym throughf the collector. If heat i^ 

neede^f^tj is^ obtained, directly from the energy storage system 



Eventually the temperature'^of the storage medium drops below the 
^ collector temperature and the cycle Is ready-to^be rfepeated^. v* 

Let us now look at the. iarth In terms of a solar collector system 
in space. The cross sectional area of the earth is that area lying 

* perpendicular to the sun's raj^ and therefore equll ,to the area of 

' • ^' f - 1 

the collector^ pi ate,. Just outside th* earth's atmosphere energy' 

arrives at the rate of 1 .^S4 cal/cm /min or 1360 watt/meter. This 

eners^t if it-were Jio^ reach the earth's surface uiidim4n1shed^^ w^^ 

be spread out dv6r the total surface^^rea of ^ earth's sphere' as a 

^result of the daily rotation of tiat^eanh. The area oft.a sphere is 

? 4tt^?|5 therefore, thfe average energy available on each square centimeter 

^'Vofi the^earth's surface is 1/4-5^ 1^94 cal/min or .485 cal/min assuming _ 

no cfepletion of.enejrgy as it passes through the atmosphere.. This, 

' ^ however,, is not the case. As we will see in the next section^ 

refTection and reradiatlon amount to roughly 50^ of the Incoming 

' " 485 
radiation. This further reduces the available energy rate to 

cal/cm /min or approximately .25 cal/cm /min (or 170 watts/meter ). 

Even sOs this amount of energy exceeds by many thousands of times the 

world's total energy use. 
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The earth's upper atmosphere serves idrnlrably as the glazing. It 
is relatively transparent to most of the incoming radiation^except, 
luckily, the high energy ultraviolet whichf^^f not stopped^ wptild ^ - 
destroy all life on our planet* Furthermore , it is opa'^^to much 

of thB Wifl/er ^ener^ radiation emitted by the earth. The lower 

' ' ■ ' 

^tm^t^kTU%0^% 'both as *the energy transport system and ah energy 
stdra^ *Fi1#diW/^ Since the earth ifi, spherical , parts of the earth *s 
.surface are ajigned at right angles to the sun's rays while other 
parts are almpst pltrallel* It is obvious that in a course of a j^ear 
the equatori^al regions wilKreceive much more energy than the polar 
region because of'their ocientation to the sun's rays. , Furthermore^ U 
even during the course of a day,, direct radiant energy received at 
any location will vary from zero at night to some maximum value 
near noon. The earth', therefore , needs an energy storage and transport 
system, Convective currents of air remove excess heat energy from 
equatorial regions and move it to the polar regl'on where it is needed. 
Evaporative processes also tend to store and transport large amounts 
of energy in the lower atmosphere in the form of water vapor. In 
addition to acting as thexollectorj the earth's surface .also acts as a 
energy storage device. In partirfulari large bodies of water with 
high specific heat and high transmission of radiant energy (compared 
to land) tend t"o act as good heat re^rvoirs. Thus oceans aid the 
atmosphere In energy transport. Details of each of these major process 
are'covered in following sections, * 



SECTION IV 



T'HE EARTH 'S .ATMOSPHERE,^- THt GLAZING 



The earth's atmQsphe're is a mixture of various gases^ Ni trogenj 781, 



Oxygen, 21%j Argon, 0.^%^ Carbon D1oxide,0.03% and traces of otherss including 
neDiHi helium, methane^ sulfur dioxide^ nitrous oxide, and ozone. These per- 
centagas are fairly constant to elevations of 50 to 100 miles^ At 500 to 1000 
miles only the lightest gasas like hydrogen and*helium are found In abundance. 
Water vapor, another gas found in the lower portion of the atmosphere, varies in • 
abundance up to ^ou*t 4| by volume*^ 



In order to undeVstand the dynarnlc processes'-.which occur in the atmosphe 



it Is necessary to know something about its vertical structure. Some important 



data are surnmarized in the tiiagram below: 



STRUCTURE OF ATMOSPHERE 
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Tropospherfe T' The average height is a.bouV4o,000, feet (12,200 mefers).. 

This is the region where nearly^-^n the clouds,' moisture content^ 
and "weather" are 'found. It is a regiorf of convectibn' and vertical 
mixing'. The temperature decreases with altitude until the tropopause 
Vs reached;^ this decrease js .roughly ^3; 6^F per 1000 feet (2.0°C per 
305 meter^) altitude. About 75% of ail atmospheric mass in oUr 
Jatitucfe is found heres ,the ya'lue is even higher for the tropics, 

Tropopause r This marks a place where the temperature begins to increaSB 
^witf^ altitude, forming an' Inversion. ^ 

Stratosphere : This zone Is roughly 20, miles thick, from 8 miles to 
go miles in height. The temperature increases with altitude from 
aboiit -55°C to 0°C or even higher. It differs from the troposphere 
.mainly In its low, stable, water vapor content, lack of clouds, , and 
increased ozone' content near its top. Ozone (Og) is produced by the' 
bombardment of oxygen .moiaeules (Og) by intense ultraviolet radiation. 
Here atmospheric density is, about 1/1000 of that near the surface. 
The fewer molecules per unit volume of gas no longer effectively 
shield against the ultraviolet radiation. 

Stratopause : Above tim boundary the temperature starts to drop again,, 

Mesosbhere : In the mesosphere the pressure continues to drop; here 
molecules of oxygen (Og) and nitrogen (Ng) still persist. The distance 

between molecules is becoming greater and greater. Near the top at a 

r 

height of about 50 miles, the temperature cirops to nearly -100 C. 

Here we find ionflation beginning to occur. Ions are atoms or molecules 
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with an electpical charge, that is, they are not electricany' neutraU 
They are produced here hy the bombajrdment of gaseous , molecules by 
high energy ;^adfati on' from the sun* * . ^ 

MesQpause : ..Here agatn ther% 1s a reversal in the temperature trend 
at this boundary* ^ ^ 

■ 1 ■ _ _ 

Thernlospherfe or Ionosphere : This tegipn^extends from about, 50 miles 
to 350 m^l/is. The temperature rapidly^cl inlbs to over 1500 C netr th% 
top of thei thermosphere* This region is characterized by considerable 
electrical activity resultitig from bombardment of molecules of gas by 
high energy solar radiation* The high temperature is caused by thl^ 
presence of atomic oxygen (0)s which absorbs certain wavelengths of 
energy from the sun. Particles are so far apa,rt that they travel 
hundredsv of ^ feet before coll 1 ding. The temperature is a kinetic 
temperature rather than the usual equilibrium radiation temperature. 
Thus an; object placed in the atmosphere here would .-^^in much colder 

than expected. Actually, the ionosphere is divided into a ^mber of 

■ " i 

layers of special interest to communication engineers because of their 
effept; on the transmission or reflection of certain radio frequencies* 
HowevGjy, for our purpose, it is sufficient to know that most of the 
gamma Iradiati 01^5 x-rays, .and some of the ultraviolet radiation 1s 
absor^'ed by the various layers of this region. 

Exospnere : Finally we come to the region which extends to outer space 
Here'^re found the Van Allen radiation belts. The earth's magnetic 
field seems to be the dominant factor in controlling the motions of 
the 'flarticles found in this region. 



Now that we have axamined the, vertical structure of the earth '-S 
attflosphert.> we are ready to exainlne more closely what effect this on the 
enirgy recti ved from the sun as It entars the atmosphtre and continues on its' 
joUr|iey to tJie earthls surfact below. Before reaching the atmosphere, there , 
/has been little loss 'in thp amount of radiation emitted from the sun. But now 
the quanta begin to,,1hteract with the particles making up the atmosphere and 
losses in energy can be expected. The losses that occur cause the "depletion of 
the solar beam". Various wavelengths are acted on selectively. High in- the 
atmosphere, depletion begins as ultraviolet radiation when wavelengths shorter 
than 2400? iJr .24ij coWde w.lth widely spaced oxygen molecules, (Ogj , breaking 
them into atomic oxygen (0). Because of the low density of the gases, there is 
little tendency for atomic oxygen to recombine. these collisions remove most of 
the'very iiigh energy radiation, including gamma rays and x-rays. Afcan altitude 

of about 30 mil is, sufficient 0« molecules exist to permit their conversion into 

f u . V . 

according to tthe reaction: SOg '' ' > 20^' 

Although ozone exists in the atmosphere in amounts of only .Z" pp£ 
(.2 parts per million), it plays a major role in screening out ultraviolet 
radiation! Nearty all ultraviolet radiation below .3p is absorbed by the O3, , 
roughly 5 to 3% of the original radiation enterlag the atmpsphere. This energy' 
absorption causes the temperature rise mentioned earlier. -.Only 1 to 3% of the 
tbtal energy recetved on the earth's surface 1s ultraviolet. . ' 

: " V, As the solar beam continues ,• scattering of the shorter wavelengths 
(blue) Of visibTe light occurs. As a result, the sky appears blue and tWe sdn 
yeUow or orange, the bluish light which would have reached an observer directly 
from the sun Is scattered' in 'all directions by interacttons."wi1:h molecules. 
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About 6% of ^tha oHglnal radiation is scattered back out to space by the upper 

fa^oposphere. Most of the visible light arriving from the sun does manage to 

pinatratf €6 the surface and accounts for between 45 and 50 percent of the total 

energy received there. Two gases^ carbon dioxide and water vaporp which make 

up a 'small percentage of the gases of the atmospheres hiive a large effect on the 

absorption of Infrared radiation. Water vapori In particular, pTays an important 
J 

role 1n incoming infrared radiation absorption. ^ • 

Gloudii a^^^ complicate the picture. High cirrostratus, type 

clouds might reflect as little as 201 of the incoming energy* Henvy clouds of 
the tltostratus type mig'ht reflect over 70% of the energy striking them. Averaged 
over the entire earth's surface, losses due to reflected rad+ati on from clouds 
amounts to about 19%. In addition to the^energy reflected, additional energy is 
absorbed by the water particles making up^ the cloud , perhaps another 5 or 6%. 
Additional losses in the Incoming solar beam resylt from absorption of energy 
by VaH^ous pollutants, dust particles, etc. Altogether, absorption losses from 
all ^sources reduce the incoming radiation by roughly 25%. Finally, reflection by 
the earth's surface itself :^removes another 3% of energy arriving, from the sun. 
This leaves roughly 47% of the energy of the priginal solar beam available for 
absorption by the earth. Averaged over the surface of the earth this amounts 



to 



^ X .47 ^ .zr'^l/cm^/min or 



1.94 



1360 , .7 _ iAnW/^2 
— - X .47 - 160 /m , 



It should be noted that all of these percentages are estimates; in 
particular 1t has been very difficult to measure the amount of radiation reflected 

by the atmosphere. As a result, do not be surprised 1f you find different 

' ' w 2 

values stated elsewhere; often you will find the lower value of 135 /m given 

as the amount of radiation actually absorbed by the earth. This assumes a 
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sdmtwhat grtater '•ilbi#% abd^ for tha tarth's atmosphere. "Albido" 

" -.• . ' ' • - ' ^ \ V ' / ^ 

^1s ^i^ly.±he ratio. of Jt^^ radiation Mfl acted {to the r adiation racalvedp' it 

# " ' . ■ ■ ' ' , ■ \ ; ^ ' ^ ■ ■ ■ ' ■ 

l^lls you the pareantaga- of reflection. 

So far wa have examinad tha atmosphere as a glazing only for incoming 
radlat^* One must also see hw weH it functions in retaining the energy 
rfcaivad by the collector. As previously mentionedp the Average earth temperature 
Is about IS^C^ this results Jn reradiation wavelengths in the .infrared region 
with the maximum peak occuring about about lOy.^:. One must rimember that any spot 
on the earth receives energy for only about#l/Z day whereas it reradiates 
continuously^ 24 hours a day. The radiation from the earth's surface extends 
between about 4m and 70y; Incoming radiation is all less than 4u. Water vapor, , 



absorbs strongly between about 5>i and 7y and again beyond about 12y' 



CO. 



absorbs between 4y and 5y ands after a gap, beyond 14y. 0^ absorbs a narrow 
band at 9,6y* ^^One can see then that two gases, HgO and COgs effectively, prevent 
the escape of most infrared radiation beyond about 4y except for a band or 
"wlndo^^etwean 8y an lly. Furthermore ^ those gasfs exist 1n greatest abundance 
In the very lowest layers of "Che atmosphere^ thus keeping, this energy closa.to ^ 
tha earth's surface. . 

. Wa have now examined the earth's atmosphere in terms of Its effects on 
Incoming and outgoing radiation. It would appear to fulfill the requirements of 
a suitable glazing material for the solar collector called Earth, 
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SECTION V 



HtAt TKAl^SI-tK - A M 1 C K<U C 0 U RS E 



; ' Btfofa we eximlnt what happins to ths sun^s energy as It continues 'on 
"lis path through the tarth atmosphere, it will be well to review heat transfer , ' 
In gintral temis. In our discussion of the sun we mintlontd the three ways In 

which. heat energy can be transferredi. radiation, corlvection, and conduction. 

3^ „ ■ ^ ^ ■ . . . 

Let us ;look a little more closely at each. ; .... 

Heat is energy in transit betwe|n two substances at different temperatures i 

- .the-f low- 4s-always f rora the higher to the lower temperature,„_Iemperature, 1 n . , 

Itself, is not heat tntrgy. Tempirature is a measurt of the avirags k1nit1c . 
entrgy (tnergy of motion) of the particles making up a substance. The higher the 
tempirature of.a substance the greater the average kinetic energy of It's 
particles. For example, most substances expand as their temperature rises because 



the Increased kinetic energy oi each particle making up the substance Is,, on an 
average, higher and each particle effectively moves through more space. The 
amount Qf heat energy which can be transferred between two substances depenfls in 
part on the temperature qf each substance, their specific heats, and their masses, 
Q = MCaT. (Q stands for heat energy gained or losti M the mass of the substance; 
C the specific heat of the substance, and^AT, the temperature change of the material 
This assumes no phase change has occurred,) \ ^^ 

Htat can bi transferred in one of several ways. Conduction Is important 
in the case of solids, especially metals which are good' conductprs of heat energy. 
It Involves trarisfer of kinetic energy from atom tr atom or molecule to molecule. 

Heated molecules transfer some of their vibrational energy directly to their 

i - ■ . ■ ' 

cooler neighbors. On a molecular level this results in large scale energy 
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transfer. Tablts have been prepared which .give the thermal conductivities of 
v^Mqus-- sub stances i the lower the cond uctance the better the insula ting val ue. 
The amount of heat lost by conduction depends not only on the thermal conductivitj? 
of the substance but'also upon the cross sectional area of the conductof, its 
thick'ftess (or length), the temperature difference between the two surfaces , and 
the length of time* considered. , ' 

Convection is especially important, in the case of fluids (gases and 
liquids). It involves the tran,sfer of heat energy by the actual movement of the . 
heated fluid, the movement of the fluid is produced by forces arising out of 
differences in density which result from uneven heating effects. For example, 
the water in the bottom of a kettle next to the surface of the stove absorbs 
energyV expands slightly (causing its density to diminish) and is then bouyed 
upward by the surrounding, more dense, colder water. Convection currents are 
thereby set up that eventually distribute heat throughout the mass of water. 

Since all of our energy from the sun comes to the earth by means of 

radiatidn,^ is important to know something of the laws that govern radiation. 

Radiation involves the transfer of energy through space by electromagnetic 

waves. ' This is a very complex subject; it^will suffice to say .that these waves 

have electric, magnetic, and particle properties and they do not require^ 

material medium in which to be propagated;^ These may be many meters Wng, in which 

-12 

case they are called radio waves, or exceedingly short, (10 meters) such as 
garmia rays. As indicated earlier, other electromagnetic radiation includes infrared 
radiation, yi si bTe light, tptraviolet light, and x-rays. All travel at the same spe 
through a vacuum: the speed of light, 186,000 miles/second or 3 x'lO meters/ 
second. They arise as a result of accelerating changes. Some ar^produced as 
electrons change energy levels within the atom; others are related|to changes.^ 
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within'the nuclius itself. Radio wavis can be produced by electrons oscillatihg « 
in appropriate^ elactric circuits. When these waves interact with matter they act 




as if their entrgy were contained in littj^bundles called quanta. This helps 
to explain why radio waves do hot damage your body In the way x-rays do and why 
ultraviolet rays can give you a suntan but visible light cannot, Incldentlys 
If you have forgotten the relationship between wavelength (a)/ velocity (V), and 
frequency (f), it is foundby the expression V ^ fA^ where V is a constant 
equaling the speed of light In the case of all electromagnetic radiation. 

There are three laws of radiation that are useful , in our work* Strictly 
speaking the laws apply to mater1%J;s that are perfect absorbers and emitters of 
radiant energy ("black, bodies") • Howeveri they give very good approximations for 
the actual situation involved in solair radiation and energy "^sprbed or reradlated 
by the earth. The first of these laWs- is known as- the Stefah-Boltzma'hmL^ ^ 
The total energy emitted is, directly proportional to" the fourth power of the 



absolute (Kelvin) temperature^ E ^ 1^ (Remeateefi % - °C + 273°). The ^second of 



these laws is known as Wein's Law: The wavelength at which the radiation is 
most intense is inversely proportional to the absolute temperature of the source, 
X max ^ 1/T^K or written as an equation, A - K/T^K where K is a constant, ,29 cm^K, 
A is wavelength in centimeters, and T is temperature in K, One can see that the 
more the temperature increases, the shorter the wavelerTgth of the maximum radiation 
will become. This explains why one would expect the radiation originating in the 
depth of the core of the sun (temperature ^ 16,o6o,000°K) to be very high energy 
gamma^ rays while that at the surface (temperature S800°K) would bfe lower energy 
visible light or Infrared. , 
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\ V.:j> /"^The most gangral radiation law is Planck'^^law; it is father 'complex 
and l;li,eraf op. instead of stating the mathematical form of the law a series of 
curves arei^^tted' below to. show the relationship between the amount of energy 
emittk ai^'the wavelength for objects at different temperatures. .One can see 
that the higher the temperature, the more the maximum energy (peak of curve) 
Shifts toward the |horter wavelength. Also the total nmount of energy at any • - 
particular wavelength increases with temperature. However, aKany/one temperature 
a wide spectrum of wavelengths are produced. 
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SICTION VI 



E A R T H > AT M 0 S P H E R E HEAT . B A L A N C E 



Im:Uia last section, the effect of the atmosphere on direct solar ^ 
radla^^ Scatteririg, reflection^ and absorption reduce the 

4nGoin1ng solar energy at the earth's surface to 47 percent of Its original value. < 
In or^r %q maintain Its overall mean temperatuif^ of IS^C^^the earth must rid 
itself of this heati equilibrium must be tstabVlshed wl£h heat lnput equal to heat 
output, /^plying the laws: of radiation, one can calculate how much energy must 
be radiated from the earth's surface to maintain a mean temperatura of IS^C, 
usin g the amount of direct radiant energy from^ the sun as the Input, When this 
Is done, a surprising result Is founfl; the earth must radiate energy at Its 
surface equal to 114 percent of the original solar beam (measured at the top of 
the earth's atmosphere)/ * 

This suggests that we must look at the heat balance In the earth- 
atmosphere system. It Is obvious frm the law of constrvatlon o^nergy that the 
total energy received by the system must be equal to the total energy given off ' 
by the system* The earth cannot give off more energy than It receives, Howevarj 
the flow of energy Into and out of the earjh can be* and Is* different than the 
.radiant energy flow to and from the iarth-atnwsphere system. This means that 
^processes Other than direct radiation are operable. Apparently the earth is acting 
as a net absorber of radiant energy while the :atrosphere ts acting ii$ a net 
radiator, with the whole system in balance with the energy input from the sun* 
If thi earth Is a net ^.a^^^ it must rid Itself of any 

excess energy by other means. Let us consider some possibilities* 

. " ■ ^ ■ ' ■ ■ ' ^^V' f • ^ 

In addition to radiationr heat can be transferred by conduction and 
convection. So far we have been concerned with a kind of heat known as "sensible 
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\ heat". It is the Mnd.that your senses detect. ^< It shows up as a change in* 

^ tttmper^tMre and it is the heat engrg^Liroyed ^feg^ 
as fuel burns, or the ener^ stored as water heated. .The other\k1nd of heat 
is "latent heat", or' hidden heat.- As it is stored, there is no change in 
temperature by^he storing medium. For example, It takes over 500 calories to 

' change I gram of water (llcfuld) to one gram of water vapor. (At the bofling 
point th 14 value Is' 540 calories per gram and is known as the latent heat of 
vaporlzatlb^l. This Is over five times the amount of heat needed to warm one gram 
of water from Its freezing point to Its boiling point. So It can be seen that the 
tvaporatlon of water can store (and remove) large amounts of heat energy* Each 
gram of Tee absorbs SO calories of heat energy In melting. Other processes can 
also store latent heat. ^ ^ 

' The earth-^atmosphere system as a whole receives a certain amount of; . 

' energy from th^ sun. It 1s the system that must balahce 100 percent energy out- 
s' ' A • ■ ■ ■ - 

flow against 100 percent energy input, This balance is shown in the diagram below. 

■ . . / , . . . ' ' ^ ■ . 

At the edge of the atmosphere, the system receives 100 percent radiati.on input 

fhm the sun* Losses from the system Includej ?3 percent long. wave radiation 

absmrbed by the ozone layer; long wave radiation absorbed by water vapor, COgs ^ 

and c\ouds (22 percent): short wave (visible light) reflection from clouds, (15 

percafit) and the earth -s surface (3 percent), and scattering (6 percent)- The 

ra|/, 47 percent^ must be returned from the earth to the atmosphere and hence 

to space. in order to give a net hiat input-output flow of zero. 



. * Consider how the surface of the earth. Here a balance must also exist, 
Net heat In mi^t equal net heat out; otherwise, the temperature w1lT change. 
However, the amount. of energy transferred to and from the surface does not have 
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to be the same value as that transferred between the sun and earth-atmosphere 
system. Wfl, have "already -Aald. that the total energy ratfiated is. ]14 percent of the 
Incoming radiation measured at the top of the, garth's aWiosphere. However, 
the amount of direct radiation from the sun amounts to only 47 percent. The i 

. /* ■ -f . . y 

."diagram shows how this problem Is solved. I|, is |pparent that the earth receives 
a considerable amount of Its energy from ^sources other than the original^ direct 
solar beam.' 

^ Of the 114 percent long wave energy radiated from "the earth's surface only 

about 5 percent escapes directly to space. Thii. 1s the part of the Infrared 
spectrum with wavelengths of 8-1 In.), You will recalT that there is a "window" 
In the water. vapor absorption spectrum around lOy.^ About 109 percent 1s trapped 
in the atmosphere by the water and COg molecules. Of this about 96 percent Is . . 
reradfated to the earth ^s stirf ace j the rest, 13 percent^ 1s radiated back to space. 
Thus, there is a net radiation- loss of only 18 percent. We have already shown 
that the Incoming radiation absorbed. at the surface Is 47 percent. How does the* ^ 
earth rid itself of the other 29 percent? Here Is where the earth's storage and 
transport system must' Come to the rescue. Evaporation of water Into the 
atmosphere accounts for the removal of another 24 percent of the absorbed heat 
energy, this time In the form of latent heat. In, addition, conduction between 
the earth-atmosphere Interface and convection removes another 5 percent as 

sensible heat. Actually, this is/brought about By a 13 percent sensible heat " 
! input tb the surface of the earti? from the atmosphere which Is offset by an 18 
. percent loss from the' surface to: the atmosphere. One should remember that short. 

wave radiation from the sun heats the earth's surface and the atmosphere on only . 

one hemisphere while radiation and conduction-convection losses are occurring , 

over the whole sphere. 



^ Checking out the haat balance, we find that a net radiatMon loss of ^ 

10^parcant»^ latent htatlosy of 24 percent and a sensible conduction-convection 
/Toss of .5 percent Just- balance the 47 percent solar radlatlori Input* ActuaTly 
pevera^^smal Ter sodrces of energy have brfan Ignoredt These are)so small they 
can be overlooked when calculitlons^ are made on a global basis, Loeallyi how* 
ever* they may be significant. They include: The removal of energy through 
latent heat associated with photochemical processes, malrily photosynthesis 

1 3 w/m ),, the addition of sensible |eotherma1 heat (+*06 w/m ), the addition 
of heat from fossil fueV burning (+.02 w/m ), and heat added by metabolic processes 
(+.0005.wym ), CcHnpared to the 135 w/m solar input these are insl^lflcant. 

A similar sort of hiat balance can be worked out for ^he atmosphere. 

Room does not peymlt showing it on the diagram. Here again heat input must equal 

heat output. . Since the earth is a net absorber of radiant energy, the atmosphere 

. ^ I 

must be a net radiator. The atmosphere acts as a good glazing materials trapping 
much of the earth's, long wave radiation and then reradlating It back to the surface. 
Also much of the absorbed and^scattered shorter wavelength radiation It rece1ves*^\^ 
fjnds its way to the earth's sjurf ace; such diffusj radiation accounts for a 

^ - ' ^ ^ ^ ' ^ ■ ■ " ' ' , ^ ■ / • • . 

significant amouni of the energy received by the ^rth, . ^ 



^ ' The next section will dfeal with the atmosphere as a transport system. . ^ 

It has already been; pointed out that far more sglar energy arrives in the . ] 
equatprial regions than at the poles. The only place' that Incomitig radiation Is i 
equal to outgoing radiation is in the regioniiear 36°' lat1tude,OJt^ 'important^ 
then, to understand the mechanism by which ener^ is distributed tHroughout the • 
earth's surface by conductjbn-conyection. ^ . ^ - w : 



SECTION VII 



; TKE EARTH'S AT^O^PHERE 
THE &MyGY TRANSPORT SYSTEM 



' ■ V dlscoverid the principle that tht 

buflyant force on a body inmeried in a fluid is equal to the weight of ' tht fluid' 
^displaced. - Let's see how this can account for *ertic^l (notion in our atiflosphere , 
a fluid. Air is a'r^latively poon conductor of heat/ w^^^ ^ 
V radiation heats the s6il, only the air within a few feet of the' ground is. heated 

.by conducfWi. ' This air expands. and /vt^ dwiiity becomes less than\suwounding 
f'cooler air. 7lt "P this unbalanced force and it begins to rise. Jf* " 

Many of these parcels of air may Join together and form a^arger mass known as ^ 
' a 'Ith&rtnal". Of course, their place must be taken by 'cooler air moving in from 

the sides. Once these parcels.break away from the ground, th?y' lose^^^, energy 
. source. As they move upward, atmospheric pressure decreas^u^ftd furthei ^pansion, 
occurs Work is done by the parcels 'of air on their surroundings as they rise 
aiid expand. This energy must be dbtatned internally. "As their internal energy 
decreases, the temperature of ' th$ parcels m&,dr6p. Such a change in temperature/ 
/without thi addition or fembval r*eat is ^^l^ to be "adiabatic"- - 

■ : ... ■ ^ ' ' ■ :^ - . / ' 

How far these parcels rise depends; on the surrounding atmospheric 
: coni^;mii:ispipii>ly. temperature. If, asl^^ rise, their temperature remains 
hig^- tha;^ the S^rno^^ air, they cont1iiiie<|o rise and are said to bt unstable, 
tiiy^thtfr^ hiinff.; if.-.they reach some levil: whert'^lfe surroundi ng a1 r is at the 
J lsan« tenfenfftti^r: tfW^a no longer any ynbalanced'buoyant force and th^ stop. 
. ' •■ iff sing. . ■'. ■ , . ■' ' ■ ■ ' 

■I • ■ ' if '^hese rising parcels of ap are mo1s^if|ifeir. temperature may drop 
bfelow the, dew point, causing condensation to occur with the fprmation"o|,clouds. 
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Conp1dei^b1c| entrgy in thi form of hpat Is released wheniver water, vapor under^^^^ 
gols- a phase change from the gaseous to the liquid state,- . 



I 



. - ■ In real1^j^n» turt^jTeht.ffl^^^ 
the^ sinking ^l\ir. 'Thir- tends lapse rate ^ 

(|k drppjn temperature wit^ altitudi);,^^ to^the adlabatic j:ate>sb \ 

t^t btf late afternoon' ther^iis lit tifr tiertd^^ to rise. Ofteri a ; ' 

mper|ture inversion (increase in tempera^ire^lth altitude) occurs at nlgh^ear. 
tl|ie ground bacausa the grpijncl Is radiiatin^ energy faster than It is receiving 
TtjiMS it rapidly cools Hs^l^ 



■ ^ ^ Ip ordet fbir parcel* of air vtft"mov6 in ai horl^dntal di rection , there " ' 
rrjust axist an^unbalancad force arting on themr This'.ls prOT^ by preMuri v 
grad1an|ts that d^^lbp batween two places on ^^t^^ earth, Agalhi ^ 

solar anfirgy;. received from the. sun provides the dnvtod- force.' Small scale ctrcu1l# 
tlons can develop as a reSu4t of daily pressure gradients sat up because of tf{a; ' - 
jdlfferent ratios at which laad and water masses heat up.. The specific heat of 



^^^^ 



land is lower than that of water. In addition^ thf solp^r^rfiat^ is Wnsmltted 
deepeir into the water and , its energy Is thereby distributed over a irff^W. mass 
p4i5, s^Orface ar^a. As a re|u|lti rjagses-Jteat up and coql down faster, t^an 
water masses.! The air In ^n|act with th^ land masses atsp is heated more 
rapidly. It expands,,and bdcomes lesa dense. Being at a lower pressure than the 
cooler air ab;ove the water, amorizontal .'pressure gradient Is formed and sea - 

■■.V-^v ':: . ■ -I . - r ...... ■ .- 

breezes i dnvelflp. ThBsr^low.-^j|iland during . the day where the presSiire is'.sli^tly 
lessy iMWard'at night where -Ae opposite' l|i true. In some places, this, 
ciTculatftlexIsts' on a seasonal basis 'ao^ttes rise- to the'ko-calVed "monsoons*. 
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On a world-wide' scale Jwe can-see that the incoming solar radiation 
arriving at the equatorial regions is much greater than that arriving at the polar 
region. The -outgoing radiatiofi is more nearly equal in all regions and is only 
slightly, leiis in the polar region. This means that in the equatorial regions 
there'liVnfet surplus of heat and in the polar regions a net, deficits only at 
ab6ut-.36° Hatitude.does incoming heat, equa^ butgoing heat. - Unless a mechanism- 
^y'sted for transporting equ^rial heat;p ihe pola^ the .poles would 

get colder and colder and the equatorial ;4egi on hotter and hotter. 
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: Fortunately r the atmosphere provides tfie solution. Befere we Jook 

at ^the actual picture:of whaltal^ .plack, letvs/€xani1ne some simple p^slbi litre*. 
As the warm, surface air of the equattrial region is heated, it becomes 'less , 
d^nse and rtses, expanding adiabatically .* It spreads out moving poleward: While 
tfri^ occuMng. cooW polar aJr is -moving at ^^pwer levels, toward the equator, 
taking the place of the warmer rising.air. ' T^ese motions set up a cirdulation ^ 
pattern such as shown in figure 2. , J> 



But such a condition does not raally exist for we have forgotton to 
take Into consideration the rotation of the earth. The effect of the rotaitxojn 
Is to make It appear that a force continuously acts at right angles to shlf^ the 
direction of motion of any object moving through the atmosphere. In figure 3 
baloWfan object 0 starts moving from the north pole towards X. While It Is 
moving south through the atmosphere^ the earth rotates eastward beneath It. The 
object 0 ends up at Y making 1t'^ppear that a« westward directed force was acting 



Figure 3 
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on it, deflecting it towards the tight as it traveled southwards In the, northern 
iiemliphire the object wIlT always appear to swing towards the right j in the southern 
hemisphere it wiirappear to^turn towands the left. This effect is.^^npwn as the 
cqrlolis effect or "f6rce"i It makes no^tfference Whi^.way ttfe^^bbject initially 
travels* The magnitude of the effect depends on the Sipeed of the object and its 
latitude. It is zero at the equator si ace 'there is no rotational effect of the . 
earth's surface there. It is^ maximurfi 1n the polar regions, (See figure 4), 



Figure 4 
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v.-./The effect tff all this is to modify the original single cell (Hadley 
cell) pattern and^ in fact, make it an impossibility, Aloft^ the air would be 
moving northward and swinging to the right (east); near the surface the air would 
be flowing southward and swinging west. To accommodate such a patterns the wind 
speeds in some regions (polar) would have to become so high that turbulent flow 
would occur. This would bring about a decrease in velocity to such a point that 
the law df .conservation of angular momentum would be violated. 



The generaTized circulation pattern that does develop is shown in 
figure '6 and accounts for much of the weather found in various regions of the 
world. 



This 1s still an oversimplification since it provides jio way, to 
transfer energy frpm the middle latitudes to the pola>^ regions. This is accomplls 
by energy transfer between the interfaces of small scale circulatory systems - 
involving air masses of different densities and rotating in'opposite directions, 
the "high*^and "low pressure" air masses conmon in temperate latitudes* These. 
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systems develop along more or less stationary waves of rather large amplitudes and 
lengths that exist Between the polar easterlies and the prevailing westerlies. 
Associated with this confrontation zone are the jet streams: high altitude ribbons 
of high-t/elocity (300 miles per hour) winds winding through the upper trtfposphere 
and apparently steering* to some extent, our storm systems. 



Figure 6 
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SECTION VI 11 



VARIATION- IN I N S OX a'T I 0 



/ m have been concerned, so far, with the production of radiant energy 
sun, with its transmission through space to the outer reaches of our 
atnTphere, and with its s^equent depletion as it passes through the 'atmosphere 
on its way to the earth's surface. At the solar surface we found energy being 
radiated at the rate of 100.000 calorles/cni^/ minute. However, the earth, located 
about 93,000,000 miles away.'offers such a tiny target that only 1.94 caloHes/ 
cm^/ minute arrive on a surfdce perpendicular to the sun's rays at a point in space 
just outside the earth's atmosphere. This value is known as the solar constant. 
As mentioned previously, a calories/cm^ 1s often called a lanjley and the solar 
constant is often expressed as 1.94 1 angleys/mlnute. Since this energy will be 
spread over a rotating spherical surface, a further reduction by a factor of 4 Is 
required (see section on The Earth = A Solar Collector); this leaves roughly 0.49 
langley/mlnute. Finally, we saw that the atmosphere brings about a further reduction 
of roughly 50 percent which means that about'lzB calories/minute or 0.25 langley/ 
minute arrives on an average on the earth's surface. This value Is useiFul when 
we are discussing the earth as a solar collector or analyzing the earth-atmosphere 
heat balance. However, each one of us lives at a specific spot. on the earth-, we 
need to' know ho^ much energy arrives there and how it varies over the course of a 
day, season, or year. 

The total solar energy" received on a surface Is called Insolation, 
Insolation at the earth's surface is usually measured in terms of the rate at 
'which energy is received on a horizontal surface, This energy comes from direct 
solar radiation as well as from diffuse radiation or that scattered out of the 
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direct solar beam. The sum of the direct and diffuse radiation Is called global 
radiation. Diffuse' radiation comes from all parts of the s^y and accounts for 
approximately 45 percent of the total insolation on bright clear daysi on cloudy 
days 100 percent of the insolation is diffuse. The Insolation at any spot on the 
earth ^s surface may range from 0- to a maximum of about 1,4 langj^ys/minute (on a 
surface perpendicular to the sun's rays)% The factors that affect insolation are 
latitude, time of day^ time of year, cloud cover, atmospheric turbidity, el eva|f1 on, 
nearby or distant obstrufctions, and orientation of the land surface. Let's\take 
a closer look at each one. 

Generally, two things determine the amount of radiation available per unit 
area of ground surface. .jOne has to do with the actual depletion of the solar' beam 
as discussed in previous sections; the other is related to the angle that the 




i#FiCT OF B^M ANGLI 

VIII-1 



sun's rays make with the surface. Consider a beam of rffdiant energy 1 meter in 
cross sectional area. When this beam strikes a surface with an angle of incidence 
(^i) of 0^, its energy is distributed over an area of 1 meter square. The angle 
of incidence,' £^ , is the angle measured between the incoming (or incident bea^) 
and a line drawn perpendicular to the surfaces As the angle of Incidence increases 

4 6 ^ i 
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the beam's energy '1s progressively spread over a larger and larger area as shown 
in FigMre 1. The amount of energy per unit area decreases as the angle of incfdence 
increases. This means, that the sun^s .apparent position in the sky is very imROrtant, 
The higher the sun, the more nearly perpendicular to the surface are its rays. The 
heiqht of the sun, measured in degrees above the horizon, is known as the solar 



altitude. 



Latitude ■ ^ 

Over the course of a year, latitude has the greatest single effect on 
Insolation received at any location. The reason for this is two=fold: the higher 
'the latitude, the more slanting (larger angle of Incidence) are the sun's rays to 
the surface of the ground as can be seen in Figure 2. This means "that the 
-energy received per unit area of surface will be less. The second reason can also 




Insolation - iffeets of Latitude 

VIII-2 

be noted in Figure '2. The path of light rays through the atmosphere to* the surface 
is shorter in the equatorial region^(a) then it is at higher latitudes (b). More 
energy i,s removed from the beam as it passes through this greatei\^ depth of 
atmosphere. This effect Is readily noticeU on a daily basis when one can often 



' f 



4 7 



ERIC 



look dlirectly at tht sun at sunrise and sljnstt wlthoutvdamaging oni*s tyts. 
this^^^^niot pQSsible at noon because of the grtatif^entrgy conttnt of the solar 



Another effect that thi^ greater path length has is its changes upon the 
relative amounts of the kinds of radiation arriving on the earth's surface. The 
original solar beam arriving at the top of the earth *s atmosphere consists of 
approximately 9 percent ultraviolet, 40 percent visible, and 51 percent infrared 
radiation. If the solar beam passes directly downward through the atmosphere so 
that Its angle of irtcldence with the earth's surface Is 0°^ the radiation arriving 
at the surface will be made up of about 5 percent ultravioletj 47 percent visible* 
and 48 percent Infrared. If, on the other hands the angle of Ihcldence is about 
80^^ the hiake up of the incident ratdiatloh will be about 0.5 percent ultraviolet* 
41 percent vislbles ^nd 58.5 percent Infrared. These values assume reasonably 
clear unpolluted air, with a preci pi table water "vapor pressure of .2 cm. 



Time of Day : ; / 

The Variation In insolation received^ with time of day is related to the 
•same two factors discussed atioyev ^At sunrise, the angle of incidence of the sun's 
rays Is nearly 90^. At solar 1i6dni^it is minimal. Insolation measured on a 
horiiontar surface plotted adjust time of day is shown In figure 3. As might be 
expected, the general shape tp^ tt|e .graph follows closely that showing the sun's 
altitude plotted against t1nfe%| day. 
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Time if Year . • ^ 

In addition to.the two factors already-4i4Ciissadr^ the sun's- altitude 
and variable path length* yearly variations introduce changes In the length of day 
as well. The earth's surface in the northern hemisphere receives radiant energy 
for longer periods -in sunvner thll^ it does in winter* The explanation for all of 
these yearly variations Is related to the fact that the earth's r^atlonal axis 
f$ tilted 23 1/2^ with respect to a line drawn perpendicular to the plane of the 
earth's orbit about the sun.' As a result, 1n the horthern hemisphere the sun 



Septus 
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March 21 

viri-4 ' / ^ 

appears highest^jn^e sky at solar noon on June 21 and lowest on December 22, 
(Figure 4). A fourth factor must also be considered^ The earth's, path about the 
sun Is an ellipse. This means that the distance between the earth and the sun 
varies from^rts^ 91.5 million miles In December to 94 ,5 million miles In June, 
making the earth closest to the sun during our jWlnter, There Is a corresponding 

• variation of about 3,3 percent In the solar constant. As a result, at a latitude of 
a slightly higher. insolation \^lue Is measured on a surface normat to (at 

il^Sllht angles to) the sun's rays at noon in March than at noon in July. 

i fllQud Cover , 

r ^ : ' ... _ ^ . • 

Cloud cover means the extent, height^ thickness, and type of clouds ; ^ 

covering the sky. Cloud cover brings about the greatest day to day variation in 
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insolatton at any particular locality; it is also the least predictable of any 
" of . the variables. It is the variation in cloud cover that caljses the large 
differences in daily or monthly insolation values between places of similar 
latitude.' It.1s often the most important factor in determining seasonal variations. 
FdV' example. United Sta.tes weather service data shows that In January the percent 
of possible sunshine varies from 84 percent in Yuma, Arizona to, about 19 percent in 
either Oswego, New York or Portland, Oregon. Since these cities differ in latitude 
by about 14°, such a difference would result i?^ differences in insolation rates 
of roughly 34 BTU/ft^/hr or only 0.09 langley/minutt. Yet records show that much 
larger differences in the mean dally insolation for the month of January exist 
between the cities (on the order of 1,000 BTU/ft7day)v 

Atmospheric Turbidity 

Haze, smoke, fog, smog, dusti etc., all contribute to the turbidity of. 
the atmosphere/ Turbidity is the reduction in the transparency, of theN rtmosphere 
caused by the scattering or absorption of visible light by such particles* Pollution 
around large cities can decrease Insolation by as much as 20 percent compared to 

4 

surrounding fural areas. In addition, turbidity alters the percentage of ultraviolet, 
visible, and infrared radiation r^eived in much the same way that increased path 
^length does. The amount of ultraViolet and visible light received decreases and 
the amount of infrared radiation Increases with rise in turbidity. 

Altitude 

Increased" altitude increases the energy content of the direct solar beam 
and therefore the insolation received. This is true b^use the density, and 
■therefore''the number of particles, decreases with altitude. Fewer particles produce 
less absorption and scattering of the incoming solar beam. Mountain climbers 
are well aware of the increased llkelTkood of sunburn and usually take preventive ^ 
action to avoid it. 
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^ Obstructions _^ ' . - '^-^Wk^r '- '-^''^^^^ 

Nearby obstructions such as trees and tall buildings can block 'off; 
direct rays of surflight during part of the day* Even if they do not block off th€^^ 
direct sunlights they may Interfere continliously with the diffuse radiation that 
wou'ld be received from certain areas of the sky,. In hilly or mountainous sections^ 
the horizon may be so altered as to material lytreduce the available insolation. 

Orientation of the Land Surface ; i; ^ 

We have indicated that most insolation data is for a horizontal surface. 
If the land surface or surface of the solar collector slopw, the amount of 
insolation wit^^ vary. In the northern hemisphere, south -facing slopes receive more 
insolation^ north-facing slopes less* Maxlnjum insolation occ urs when the surface; 
Is normal to the sun's rays. The effect of this Is often noted In spring when the 
snow melts first from steep south-fad ng slopes or embankments. 



All of these factors operate to produce considerable variation in the 
mean daily solar radiation available in different regions throughout the United 
States. Actually, the amounts closely follow the distribution of cloudiness. 

The Pacific northwest and the NnortheasterrT states share the unenviable 
status of being the cloudiest portions of the nation. On an annual basis, both 
portions receive mean daily global radiation values (on a horizontal surface) of 
about 300 langleys/day. This contrasts with the sunniest portion of the country, 
the southwest, which receives about 500 langleys/day. Understandably, the south- ^ 
west is an attractlv^ region for solar energy research and applications. 

0.. ^ ' ' . ' 

Seasonally, the southwest receives on the average about 300 langleys(ly)/ 
day in January, 625 ly/day in April , 675 ly/day in July, and 425 ly/day in October. 
.The southeastern states during the same months receive between 200-300 ly/day. 
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respectively. (These values, as 'for5 all thfe regions deflh'ecl 'here, are representative^,, 
of the' region as a j/hoie,; Individual locations typically, ea^p.fnienl'erdeviatl on 
•from the regl onal aver6%, ..de|endi iig ,p,n/, thei r ril ati ve 1 ocati.on,. ) ^ -the north - 
*east, Janu|iry radi ati on 'amodhts' approximate 130 ly/day, Apr^1 1, 375 ly/day, July, 500 'iS^/" 
■day, and 0ctoler,225 ly/day. During the same months , the northwestern states 
expe^\1incfi 125 ly/day, 4(|p ly/day,^ 625 ly/day, and 250 ly/day., respectively. ; 

^' 3 The variation in. mean daily solar radiation on a statewide basis'' can be 
see^^^f examining the figures ..for 'New York State. For the annual period, the mean 
aiil^global solar radi|^ion (on a horizontal surface) 1s approximately 300 ly/ 
for ihe state. Central and eastern Long Island experience the maximum with , about 
315^ ly/day while the mountainous Mi rondacks receive the least, 285 ly/day. These^ 
values are 1970 to 1978 averages Based on available solar radiation, data for 

twelve state locations. ' ^ " ^ ' • 

■ ■ ^ ^ ^ ' , 

In the f^te ^fall and winter montJns.^/akes Erie and Ontario are source€\^pf 

considerable Take-effect cloudiness overwgstern and j^tral sections of the s%ate, 
"ana occasionally even over eastern sections. In Decembjr, most of upstate Hm 
York averages between 75 and 100 ly/day while the Hudson River Valley and Long 
Island receive about 100 ly or so. January sees an increase of about 50 ly/day 
statewide. December normally is the month of least solar insolation ^^/hile JWy ^, 
is usually the sunniest month. While the areas adjacent to the Great Lakes, -the 
Hudson^+ver Valley, and eastern Long Island average greater than 500 ly/day in 
July, the bulk of upstate New York and west-central Long Island experience from 
473 to 500 ly/day. 
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SEOTION IX. 



M E A S U R E M E Mt N S J L A T I 0 



•\ ^'i In tht last ietti on, 'factors that affect tnsolatiob iijid Its gftnerai; -r • 

^Histirlbutlon wtrtf discussed. Nothing was said, however, about how 1/iSp1at1^h/|^^. 
is mtasured. Actually » several basi^ measurements can be made /{ One ^^h% most ' 

/iSnrnple 1s mtrtly aTecord pf the di>rat1on ef /sunshlnii; tht rhlnut^s of .^unshliit 
i^ectlved per day as routinely-measured by National Weather Service stations* Thi^re 

'are about 2*000 such stations throughout the' world recording this information* 
Global radiation^ the total of direct and diffuse radiation, is usually measured 
on a horizontal surface with a pyranometer* About 700 worldwide statiori's: record ^ 
global radiation; of these some 70 are United States Weather Servjce Stations, 
in this coun^r^.. *01rect solar radiation is .ror%: difficult 'to measure; a sun- . . ' 
tracking iiy^rinon^ is requ1riti«^D1■ffuse^so^af radiation is a^^^ < 

Iriieasure- oKth^'icSt received from the s^1s reasured, wito a / 

'S^dtd;R/r^nometer; again, data Is usually obtained for a . honiontal surface, 
Finallys selective measurements of diffuse and/or direct radiatipn for defined 
wavelength Intervals are made using selective filters in conjunction with .the 
eqtitpnient/ previously mentioned. Vv 

( ^ ■ • , - ■ :■ 

Each of these instruments will be briefly described: 

^^ Pvranometer : The pyranoTOter or solarlmeter is usually mounted 
jV-.^^j^rizontally and measures the ilobM or total radiation,. There are 
vMeveral types, although the thermtilplle type is probably the most ^\y [ 
conmon, A thermopile is a group of thermocouples connected in series and 
mounted on a blackened receiving disc, A thermocouple is a junction 
b^tmm two dissimilar metals such as copper and; the alloy constanstan. 



|0f the Eppley pyrancmiitsf (lb. junction) and the newer Model 2- tpreclslq^i 
spectral pyrariometer) comprtse tha ovafwhelmlng majority of pyranomaters 
In use tdil4y« Acaui^^ of tht newer precisiortVinodeU Is wlt^ or 
2 p^fQiht. To stli^lyely mefcsura the energy contrftuted by splclflc 
^iy^^iigtte^baTidS:^.^#ass filter^ mav be placed over th e fyranomatf r ^v . 

■ • " ^-^ • ^ ■ • ^- ^ ' ■ ^ -'^ ■ ' ' '^• \' : 

Normal Inci denoe PVrhel 1 oinatar ; These are,i|sed^^to rnaasure direct 

sol an^ radiation. This requires 'that only eriargy from the sun'svdisc ba ^ - 

* ■ ■■ ■ '- -. - ' ^ ' . . ^ " . ■ ■ ■ 

iTrowid,' to fileh tMi tensor. This Is acconl|l 1 sh^d by mounting; the 
^ensbrt a tharrropl Je *^or axairplep on the bottpin of a blackened tubf 
provided with ifght stops* The rati p of the' cylirlWcaT tuba length 
to tube diameter should be about 10 to 1. This Hsftlts the vtaw of the sky 
and rtjn to about 5 an<l eliminates most of the dlffu^ radiation* Tha ^ , 
Instrument is then mounted on a rrotor driven hellostat (a deylce that 
follows the sUn)* The axis of the ;hej1pstai^ Is ;ra^ several times 

ji weak as tha .declination of the s^up.changes* Types and makes of ' 
pyrhellomiters "include: Angstrom electrical compensation; Abbot si "Iver- 
disc; Michelson birnitallic; Line-Fwssner Iron-clad; New ip^ 
(temperature comperisated)i Yknishevsky thermoelectrlciJIqll-Goczynski , . 
solarlmeter by Kipp and Zonan^ and the ^ non-temperatiira compensated 



Epplay^ Glass filters may al^ be placed over tba^^yrhelt^neter sensor 
to selectively measure the anar^ 'contributed by sped fid wavelength 

bands,* : • 

, ^ = ■ - .. ■ ' ' . , 

Shaded Ryranomater :^ The maps ttVament of difftisa radiation can be performad 
by a pyriinometer which Is shaded from the sun's dirfec^ays* Shading 
of the pyf-anometer f% accompli shed by a disc made to w^e with the sun so 
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as to always east ItV sha^w qn the pyranonieter, ,oif^by fflians.,,of a « 

» : shadow Hng. Because of' the trouble in keeping the shapling disc In 
# proper adjunmerit and th^|»expense of an equatorial^ mount, the sKadow ri.r^' 

: Is the mori popular Q,f the two' devices. But tlie price paid for using ^ 
^he shadow ring Is the necessi^ of introducftg a correction for tfte pant 

, V of the diffuse radiation which is cut off'frorfi this sensor 'the ring. 
As the declinatioa of the sun changes witfr. times the ring, must be moved 
along an axis ori ented parallel to the dearth ' s axi s; %s to. always^ * # 
shade the pyranometer from the direct radiation. » -« „ * 
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USES'^ OF SOLAR EWE 



fseHbes uges or potent^ uses &f sola r anargy^ manv of 
whi^h wll^l ba tVi^Wd In greater detail In subsequent sections. The direct use of 
lioltr (inepgy U not jne#. For thousands of years, ancient peoples relletf oh the 
^un*s en^l^ to evaporate slriall pools of brackish w^ter so that they ^mlght collect 
tS sIh; Ihill^ the Chilean desert to sui 



6pfl00^ganen* of pi^ water per Siy from salt water* Solar cookefsS/ere built and 



used Jin India m the J*80*s. Michael Faraday discovered the principle of solar 

cooling^in 1824. Small steam engines were powered by solar energy as early as 

18|8| a*50 hp engine was used nn 1913 to pump Irrtgatlon water In Egypf . Solar hot - 
' \ . ■ ^ ^ 4^ - 

tMiter heaters were popular-ln our southern states in the 1930's* Howeytr, the 

idireit use of wlaf ehei^ never real ^ on for there were alViays cheaper* 

alternate energy^ sources avalJablei wotfd, water pQwer, or fossn fufels. It wasn't 

real IS^ that* these sources wet^e cheaper than the sun's energy which, after ajl* 

fret^* Rather; the costs of building devices to utni|e the*sun's energy w^re greater 

than the costi^^eded to utilize the other sources that were available. 

' Today the picture is beginning to change* Othtr sources of energy are 

dwIfidling^Ja^^Aheir CQsts\are rising at a rate of 10 percent or more a year* Once 
again, we need to take a closer look at the ihexhaustiblf ener^ of the sun and 
determiiie how it can be put to practical use to supply an ever-increasing 
percentage of our energy needs, ^ . ' 

' I There are several energy conversion processes by. which we cati the * 
radiant energy provided by the su^* First, the energy can be absorbed.by collectors 
and tonverted directly into hea A second Mthod invdlv^ dirict 



conversioin of radiant energy' Into electricity through *a process known as the 
photovoltaic effect. This Involves the use of solar cells so f ami lief to the 
space program as enirgy sourcis on. space vehicles. A third process is photo- 
chemical and involves plant photosynthesis. Here nature has baen far more 

' ' .■ r ^ \ . ' • ' . -^r ^ 

SiJCCgSSfMl than man t Qi;her pnss1b1e energy conversion processes include the 
photoelictric effect* whereby electrons ara ejected from the surface of metals by 
radfant ener^r the thermionic effecti which forms the basis of the operatlofr of 
vacuum electron tubes^ and the thermoelectric effect or Seebeck Effects used now 
mainly for temperature measurement (the thermocpuple) * Large scale appTication 
of these last three processes for solar energy conversion dfles not seem practical 
at this time* although efficiencies are being improved^* 



USiS OF SOLAR ENERGY 



PHOTOVOLTAIC 


_ — — --^^ ^ ^ 

SOLAR CEU^^ELlCTRiCiTY > ' , ^ 


PHOTOCHEMICAL 
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^^^^ ^ ITHYL^LCOHOL 

^7 ^? MiTHYL ALCQ>iQL. 
ENERGY PROM ilOMAii^^.^^__^y^^,.^ 
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CROP PRODUCTION ^ 
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DESALINATlONi WATER PURIFICATION 


™ THERMOIONIC 
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THERMOELECTRIC 


THERMOCOUPLE*^ ELECTRICITY 
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| So1ar Htat Energy 

> ^ . Let us f1i*st consider he! iothermal conversion or the conversion of the 
sun- s energy directly Into heat. This can be accomplished by solar collectors in 
two geniral wfys/ Flat plate collectors may trap energy that falls upon a surface 
pfev<ft»^^y rffe^g^be^ tht ggigtlop m "Th e Sun - A Solar Wlector In Space",^ 
Here ttniperaturi riie is low to moderate, A.,sacond type of collector is the 
focusing col leetor which can produce very high temperatures ^ as much as 3,500 C* 
Each of these will be discussedr in detail in later sections. 

Heat energy provided by the sun Is being used in a number of practical, 
ways. It can be used to provide space heading through either active or passive solar 
systems. An active system is usually made up of^ collectors, an externally powered 
heat transport systemt an energy storage medium and system, and the necessary 
controls to maintain efficiency. In a passive systtm, tht building Itself is 
afchitectually designtd to, serve as the collector and storage system with maximum 
use being made of building and site orientation, landscaping, and other passive 
■ means to minimize dependence on secondary energy sources. 

In many parts of the country auxiliary heat Will be needed. While It 
might be possible to design a solar system to supply 100 percent of the heating 
needs, cost effectiveness studies have shown that economically this may not be - 
feasible. In the Northeast, ,solar energy can economically supply roughly 60 
percent of the heating needs of new homes. In such cases, solar assisted heat pumps 
might bt the answer, Since their cycle is reversible, they can be used not only 
for heating In winter but for cooling ^in sunrier as well. Basically a 
heat pump Is similar to a refrfgeration unit in that it pumps, energy from one 
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placi to anothir. But instead of remoying energy from inside the refrlgeratbr and 
piuiplng It into the kitchtn via Its cooling colls s heat is pumped from outside 
the house intb the 14v1ng space itself, / 

Solar heat can also be used directly to cool a building through a tirocess 



known as absorptlon^desorption cooling. Over the years a number of gas burning 



refrigerators have^been on the markpt that mak^use of this sytem of cooling 
Similar systems using solar energy as the heat source have been designed. Tl|ie 
major problem with these systems is their requtrernent for water temperatures 



from 



\ 



the solar collector of at leastjlSS F* Most flat plate collectors operate an a \ 



seems 



lower temperature than^thls. .Nevertheless the use of solar heat. for cooling 
to offer economic advantages oyer conventional method?* One reason is that^olar 
energy availability Is at a maK/imum In those places' and at those times when cooling.'^ 
Is most needed J that is* during daylight hours in s^er in the western and southerjf^^ 



sections of our nation. 



In addition to heating ajid cooling our homes p solar enerc^^ can be used to 
^ provide us with hot water. Man^ commercial units are. now on the market. In the 
norths supplementary heat will be required during the winter months. Throughout 
much of the country, however, solar hot water heating is already competitive 
electric hot water heating. , 



Other uses of heat produced by solar energy include, crop production in 
ses, 'the ^esalination and purification of water, and agricultural or 
industrial drying. Focusing collectors have been employed to attain very high 
temperatures in the lo-called, solar furnaces being used for experimental work 
invblvlng certain chemical and metullurgical operations. r 
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E^ectH|pal generation has been accomplished in severaV ways. One 



s Involves tht use of mcusing collectors to produce steam from water. The steam ij' 
therrused to operate a turbine which In turn drives an electrical generator, A 
second method » which has found widespread use on space veh1clis» Involves the 



photovoltaic process making use of solar cells. Both of these methods will be 

. . . V ' ■ 



^ described In detail In a following section 



Photosynthesis 



, No man-made photQchemlcal process has yet been found to rival nature's 
Dsj^ntheSis where carbon dioxide and water are comb itjed In the presence ^f 
fihlorop^i^l '^d fonnl carbohydrates whtle releasing oxygen. It Is the 

3:tft)f|^^^e^^ can be obtained In various blomass conversion 



processes 



be^dl/cusslng in k separate section later. 



In summary, as m^n^^.turf^S^^pre 'to solar energy he returns to the ultimate 
source of rtearly all of jpur energyp the sun. This can be Illustrated In the floW; 
chart below. 
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Before 1850 i man's mati} ^aijii^ife of ^^^^ from burning the wood producsd by { 

a photochamlcal process ptq^^ or years. But 1850 more or 

itsi marked the developpfiejp^pf^^f^^ technology^ thus raising the 

energy recovery time to ifll^fph^^^ the depletion of fossH fuels tikes 

recovery times: direct . sola^^^^^ electric production by wa^r of 

photovoltaic conversion> (|n(i ;Mb^ i 
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SECTION XI 



S.PACE HEATING - PASSIVE SOLAR SYSTEM 



In a passive solar heating system no extifnal ^enifgy ii; used to transfer 
thft wli^t*^^^^^ the heat storage uniti the y are one and the sare. 

This deWnljtlon of passive heating does npt really convey a trMa' appreciation of 
the many facets of passive solar heating. Actually, most hOTes use passlye solar 
htating tol some degree» whether or not It Is intentlonaK South- facing windows In 
Wthter irtmit su^ Is absorbed as heat energy by the objects withirt the 

room. Roofs to some extent act as solar collectors (attics arte often warm even 



In winter when the sun 4s shining)* Roof overhang also permits ithf ^Jw slantliig 
rays of ithil winter sun to enteir the windows while keeping out the f^^' of the 
higher suffliier iun. Deciduous trees planted near the houie on Its south and west 
sides lose their, leaves trt^ and pe^lt extra energy to fall uppn, the house at 

juft the time it^ A coniferous windbreak located some d1 stance to. the 

north or west of the house cuts down the velocity of the wipter wind and^hereby 
reduces heat lossas' from within the house. These are the kinds of things to be 
included in thf :tfoncept of a passivelv heated solar house. . ^ 



Carejut^p^nnlng jn^ into all phases b¥ the location and design of 
a passively heated home. Site location is Important. A south-facing slope is 
usually warmer than a nearby valley or the crest of a hill. . Vertical windows on 
t^ south side of the hore admit winter sunshine; thesi^are especially effettlfe ; 
If the sunlight falls upon a massive dark colored Interior wall that can act as a 
Solar collector. A concrete'or stone pAjtlo on the south side of the house can 
similarly act as a heat absorber of sunlights In summer this barf b^^ishaded by 
deciduous trees to help keep the house cool. Since there have been many good, books 
written on this subject » aTl we shall do is mention briefly some of the specific 
designs that have been proposed for passive heating. 



Among the most, noteworthy ii the. .Ti;6ni^ Will ; designed by and named , 
aftir the famous Frendh* ploneir tn-s^tif^' heating* Its baste dtslgo Is shown below i 




thji^kay to this passivi systemits thi massive /inter^^ black coneiriitji 

wall* In winter the vent and windows are kep^=jlosed white the sun's rays shining. : . 
through the south glass wall strikfe the fconere^gi^V^ll^lfW 'are . Part of the ( 

heat is inmediatigly reradiated as Infrared and ^^rapj^d gm$%, - The air in ^ 

contact with th%_|wall is warmed, natural convecti^W-dist^ heat as shown in 

the sketch, 1 T^|p wall stores enou^ ene heat the^housa pverntght. In fact* - 

nearly three^fourths 'Of the entiif^^v^tnterVs heat requirements can be provided by 
this passive system. In s»mer^ the vent at the top of the south window is opened 
as well as the rear window. The heating of the wall sets up convection currents 
that move the warm air up arid out of the front of ^he building while cooler air 
flows 1n and/ keeps the living quarters cool^ 
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-Another passne system is .the Sky. Therm System, designed^j^y Harold Hay. 



This Is shown btlow: 




I ■ 



Water beds. lupRorted on a strong slteel^d^^^^^^^^ the c6ll'ector;rfntf y,^ : . 

s^age system of th^nial energy . In wlnte^ thfe sii^mg .insulated panels- are opened 
du^n$ sunny days artS closed at night." While-WeJgy is radiated into the roo^ from, 
the calling during night and day. the closed panels prevent radiation lasses fo the 
sky at night. In summer, the , roof panels are opened at night to permit cooling of 
the water by radiation. They are closed during the day and ooof water ^absprtos energy 
from the hflMse. Other designs somewhat similar to the'Sky mrm design, bi^t less 
\m, involve shallow solar p4ls located on the roof% ; ' 



use of the fact that the (e 



A third passive system makes use of the fact that me ipmperature^o^ the 
earth does not fluctuate ' rapidly 11 Ke the air temperature, nor does It r^ch such 
' extreme tefflperatures in most areas. Here much of the -house is covered" bS? ^th. 
Again, south facing windows admit winter sunshine- for its^heating^cts. The _ 
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walTs of rthi housft a^^ cdhcrete and ifi^.ltljd.js^^ ar|/ 

In cdrftact with tht soil, thus ic.ting as the helt stooge urtit. This systeni, 'as j 
shown/beloW, is n^^ the pit greenhousesV^^t bave been used^ many yearst; 




y / ^.[ ^eaigrfte patio 



^ ^ V V ' In the passive systems-described Aboves auxiliary heat is likely to be 
needed'in all but the moyt southern Regions. However* *conyderab1e savihgs in 



aijergy .can^be realized 



techniques evert if the mouse is to be heated by some other means 



.... 




ese passive heat collfcting 
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SPACE: HEATIN.6 •- ACTIVE S 0 L A S Y $ T E M 



the Solar Goll actor ■ . 

■ .,. ■ . .. ■ . . ■ , v ^. . ■ -.^ ' • . ■ ■ 

-In section 3 "Eirth, A*Solar Colltctpr in Space", the earth-atmosphere 
nad In term of a solar con«ctbr. The various aomponenty bf a 



* sol arv. heating systtm were, discussed; , the giazijig,.:tW cdllecfiSh plate, the 

ener^-transport. system, the thermal ..storagt,.systtm; ana the enclosure. The . 
. general function, of each' cpmponeat^wja^ In this Section we shall look 

■ Bidi^^closely lt th^ details of the solar cbllictor unit. ? ' 

The .Solar CollectJr - Flat Rl ate ' J 

Many dlffartnt designs have bitn developed for flat pfate collectors, 
Bas1eall)(, the flat plate collector is a dtyice which absorbs the energy falling 
''upon t!t and transfers thts eniif'gy to the transport medium. No attempt is made to ^ 
cqncej^rate the sun's energy smaller area; as a result, the maximum operating 
temperature of the fluid in a flat plate collector is usuilly l^ess than^ 6S?C (150^^, 
ffle collector consists of an Enclosures insulation^ glazing, and a flat liUte and/or 
tubing to carry the heat transfer medium- . : ; 




I^«i??sy?^v'... ......... ... 

Schematic Diagram M Cross Section of Flat-Platt Collictdr • i 
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Im/VTERIAI^ .used in ¥IP{T PLATi •COLLECTOR CONSTRUeTiON^^ 



.COMPONItIT, 



Cdntalnerr 



MATERIALS USED. 



Metal (Alunllnym, galvaniztd steel) 
FtbergVas^i » * ^ 

■Plastic . ' ' ' ^■ 



wood 



COMMENTS 



Lightweight, durabii^ \ 
Many plasti ca deterior^ate 
rapidly on fexposure ta-: 
uttravtolW radiation,. 



May diterioratt because'. 

of hi gh. stagnation- 
- timpirature CSSO^F) -and 

moisture condensation. 



(There IS no stand^Wlied size for single urifts:^ a 4 x 8 ft; 
unit 1s difficult ^pr two* persons to handler 4 k 4 ft- unit? 
are ptten uCed> Z x3 ft, units. may be used to take, advantafle 
of loDcai availability of this size ihett^^^^^^ 



intulfatldn: 



30r glais-f^il^^^ wool) 
Polyurethani foam ' \ 
Styrofoam , 



Has reTatlvely^ high -in- 
sulating v^lue, stable, 
Expensives deforms over 
' 160OF. 
Flarwnablt, 



(Two to four Inches of fiberglass Insulation shtiuld be used.) 



,filiLSS.,([nany types available 

"tow iron gTass. (looks bfte/ 
on edgft)^ . ' \ / 
Water whit$ crystal (ASG) 

(Glass, thlriknesfees "should be 1/8'' or 3/16 
with one Inch a1 r space niided In colder 
temperatures oyer IBQOF are desired.) 

■ Fiberglass ("F1 Ion", "Kalwall") 



Flat Plate- 



Polycarbonates ("Lexan") - 
%lar'% "Tedlar" sheeting 



Polyethylene Film 



Probably best * but costly^^ 

and breakable- 
^SB transtnittancer common.. 

.iz transmittanctv costly. 

double glazlnti ' 
regions or if - " . 



Good, but s&me loss of 
transmittance with ultra- 
violet agin§ (special 

; ultraviolet resistant 
types aval 1 able at higher 
cost.) 

Goods but^very expensive. 
Reradlate infrared^^mylar 

undergoes ultravibl^t' 

degradation. 
Poor, short 1 1fe^.( 1/2 yr.) 
. 1 transmits. Up to .^0% 
v Inf^^ared 0his repre 
iipnts a hjpat loss.)* 



Copper 
Aluminum 



Stee^l , galvaW|zed 



Probably best. - 
Corrosion problems if 'gon- 
. tact/wi th qther metal $ * ; 
Poof#|r heat ccindudtldns rftay 
rusV eventuil ly * 
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COMPONENT 


MATERIALS USED ^ 


COMMENTS 


Tubing; 


— _ — — — — p 

Copper ^ 
Aluminuni 

Plastic = . 


Best. 

' Possible corrosion 
problems. 
Poor heat transfer, 
low temp, us€. 


Paints 


3M "Nextel" cfr . ' . 

"Black Velvet" , , 
Flat Black 


:9B absorptivity witn 93, 
emisslvityt expensive. — 
"^-Should stand 400OF 


Sel active Coating: 

(Selective cos 
there is a lar 
col lector plat 
collectors the 


Black Chrome 

Nickel Black 
Bi^k ^^^r*' Oxi de 

Ltings increase^^eff iciency d 
^ge temperature difference b 
,e and outside _arr. For lovi 
\ extra cost Is probably not 


Best , diirablf t *90 . ^ 
absprptlVity and .15 to 
.35 emisslvlty, but very 
expensive, 

ramati cal ly when \ 
etween the 

temperature 

warranted^^-) ^ ^ ^ 


If the heat transfer medium is air instead of llquid,^ then no tubing Is 
required and Just the flat or corrugated sheets with or without baffles, Is ^ 
: used. — , 




J 
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Whefl uilrffl thick copptr tubing, .tht distance between tubes shoyld 
.bl 8" - Ta"i .th1r\,copper tubing, 4" apart. Equivalent sized 
aluminum tiibis shoultfbe spaced closer; plastic tubfng must be 
very closw. Norailly 1/2" or 3/4" copper tubing is used with 
1 - 1 1/4" headtrs. ... 4 

The tubing may be'eonnected In parallel or seriel as shown below* 
The Inlet is always on th# lower side.- 




^ Each type of connection has its advantages and dlsadvantafes; the 
choice Is not critical.' f <i ^ 

^ ^ ' ' ^- ■ * ^ 

■ 4- , -t ^ ^^^^^ 

The Solar CQlTfctor - Evacuated Tube Concerk trator' - 

' There is one other type of collec^Dr that falls somewhere ^between the 

focusing reflectors discussed in the^previous section and the flat 'plate collectors 

described above. It is the evacuated tube concentrator manufactured by several 

^ . . % ' \ ' 

rpos-e IS to provide heat e^nergy for space- heating KDr^>,domestic hot 

water at a higher temperature than the flat plate collect^rt' 

^tns Corning Cortcentrator 



outer glass tubing 



avaeuated spaet 



wattf flow 




parabolic con^iintratof 



Inner glass tube - specially 
coated to admit Incondng ridlatlon 
but prevent irradiation of Infra** 

rad 
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' A'differenAoncentrator destgn^.is shown below; it has an even higher 

'efficifncyi up to 70^^ and operates at a higher temperature. ^ « 




FlbtrgUss Insulation 



opper Coll tc tor Tub€ ''' 



ti This i#iit is furnished wit'H tracking equipment tp*follow tljie^sun. The * 

Fresnel ' Lens focus# the sun's rays on'a stnay .diameter tube In the bottom of the 



t ihsu\ated^ eolTector. 



0 



The 's^Hace anea ret^uired of 'the solar collector varies with gfc|raphTc 
locatftn. A .very roi^gh r«,ie of thumb is a ope to three ratio of collector area 
to I1v.jng*" space. I«s th*e coyer regiions of the country it is still nat' ec^nomcal 

* to relv on sollr#heatffor more than 50 percent of the total' space heating * 

* " - - J - - - - 

reauired- DomestfJfc hot watar«.heating by solar. energy is: competitive at present 

, /ik % ^ -f- /*" „ « " 

- with'electric hot wa.tfr systenm in nipch of the country. Solar collectors now 
cd^t roughly $l0/ft2; enfti# s^tems $2Q,^o $40/ft3f fCosts , howevfr, are 
subject to rapi^T change*. Systems 1nte|rating,v sol ar ^«Q|ing with sola 
requf re,. the. coTicentrator-tyM collector bec|i^se'of the^ need fq| watg- 
temperatures of 93°C (2000F) or*more., 



eating 
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SECTION xiir 



. SP ACE H t AT I HS. - ACTIVE SOLAR S Y S T E'M 



CiranspQrt Medium 



Th 



The Traniport and Storage System 



e heat generated in the sol^conector must be transferred to where it 
will be "utilized. This requires the use of a .fluid and is accomplished by natural 



forced convection* The two fluids used are air or water. Both fluid systems 
have their pros and cons: the air system is mor% easily built and installed by ' , 
'the homeowner while the liquid system is'the one usually manufactured* i The «ater 
systems Interface more easily with domestic hot water systenfs and use cheaper * more 
compact heUt storage (water^tanks),^ The liquid systems are generally more efficient; 
however, the operating temperature of the heat transfer, medium, must be higher 72 
,,to 82°Cil60°P to 180°F) if it Isto be used directly in radiators or convectors, 
whije air temperatures of 27^ to 38°C (80°F to 100" F) are adequate for forced air 
systems* It is easier to find leaks in liquid systems but, at the same time, they 
are far more 'damaging. Liquid systems require simpler, control devices but are more 
likely to be plagued' with corrosion problems requiring expensive repair, . 

In colder sections of the country, where freezing temperatures are encountered, 
- the system must be protected against freezing. Systems can be designed for rapid 
dralndown from the collectors when temperatures reach a certain^lnimujTi level or 
when the system Is not in use. A rno^re corriTifip method of protection involves the 
use of an ant1-freeze mixture added'to the water. Most anti-freezes have a base of 
ethylene or propylene glycol, with various additives to prevent corrosion. Many 
anti-freezes are toxic and must not be allowed to contaminate drinking water. The 
...;"^\am6unt/iOf antf-freeze needed in very cold climates adds considerable expense to a 

Icfrge system; 1n this case 1t is often advantageous to couple the fluid in the solar 
• collactor to fluid in the'storage system by, means of"a,^heat exchange unit. The 
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need for costly ariti-freeze Is then greatly reduced. 



iXPANSION TANK 



SOLAR COLLiCTOR-H 
CLOSED LOOP 

/ 




PUMP 



HEAT STORAGE TANK 



Heat Storage 

Stnce the sun does not shtne on the conector 24 hours a day, 365 days a 
year, provision for' heat storage must be niade. ,Heat can be stored as'sens1i>le 
heat. In which case the temperature of a large mass of material is raised or it can; 
be' stored as hidden or latent heat. Latent heat is stored by causing a material 
to undergo a phase change (for exa^le, from liquid water to steam), or to undergo 
certain reversible reaptions involving hydration (the adding of water molecules to 
crystals). The advantage of latent heat storage is. that the- amount of energy • 
stored per.urilt mass of the substance is relatively high; therefore, storage volume 
is greatly reduced. There are still many problems that have not been solved for 
latent heat storage. Most systems now use sensible heat storage. ' , ' 

In a water system sensible heat storage usually consists of a large 
Insulated tank. The water 1s treated chemically to adjust Its pH to a range of 
8.0 to 8.5 to prevent corrosion of metal parts In the System. Water has a high 
specitic heat compared to most substances anf tijer|^gFe m^es a good ien^ible 
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heat .storage, medium. The water may be used both as the heat transfer fluid and 

-ithe heat storage me^um. The size of the storage tank^d^pends on local conditions 

..and the amount of auxiliary heat available. The tank should be large endUgh to 

provide heat during the night; whether It should be capable of supplying heat for 

two, three, or five consecutive cipudy days is an individual matter, A general 

rule of thumb fs'that the tank should supply 15 BTU/^F of storage for every one 

square foot of collectors this is approximately two gallons of water/square foot 

of collector. " 

In an air s^istem. Storage is accompli shedVy means of rock or peb*bles. . 
Rock has' a spec-ific heat approximately 1/5 that of water with a density (weight/ 
volume) three times water. Since rockg^are solid, heat transfer must occur by 
conduotion rather^than by conyection^ but since the conductivity of rocks is not 



very 



they must bs rather small in s1ffe to give a good surface area to volume 



ratio. Usually rocks one 'to two inches 1n diameter are use^, - Since tjhe space . 
between the rocks„ does not contr^ute to heat storage, the total volume of the rock 
bin must be slightly over two times that of an equivalent water tank. For example, 
a IjOOO cubic foot- tank of water (SsOOO ^^Hons approximately) would be equivalent 
in storage to a rock pile of about Z^gBO cubic feet (a pile roughly 20 feet by 
18 feet by 6 feet). ' 

Rocks are not n%cessari ly* cheap and .may not be available In many areas/ 
Th-ey must be clean or yia.ai-r filters will keep clogging up. Usual ly^. they are 
non-corrosive,. and once in pl^ce need not be replaced or serviced in any way. 
The rocks are "often suppof'ted.by 'av^tronf^metal^ gri 1 1 at the bottom of a vertical 
cylinder. Air from the 'col lec'tor. enters the top and 1s forced to the bottom of the 
pile whtre it is returned to the eol.lKtor; bypasses at^e provided to pass the- 
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hot a1r to the heating system directly if needed. Horizontal rock bed systems may 
also be used, A gtneral rule of thumb is tha't 60 pounds of rock should be provided 
for every square foot of collector area. 



A few latent heat stoi^age systenis have been constructed. As mentioned 
previously the advantage is the much smaller storage volume required. For example, 
a system using the salt hydrate,^ Glaube'rs^al,t (NapSO^ ; lOHpO), would require only 
a closet sized spacei about 115' cubic feeM to provide' the same heat storage as 



1,000 cubic feet of water or 2^250 cubic feet or rock/ Eute'ctic saTts.'salt 



hydrates, and paraffin- have all been tried. Paraffin Is one of the f^w'fubs^ances 
that undergo solid to liquid phase change at-^as ,C (100 P) which is in ^e tfemp^ftjlrtf 
range needed, -it 1s not recommendfed that latent heat storag© be- used at preser^t^. - 
Tiie salt hydrates are subject- to settling outs which limits rehydration; they worH ^ .* 
at first but ultimatelj^^jlave to be replaced with new materialsv , ^ _ ' ^^ 

The optimum storage temperature depends upon 'what use lis, to b&' made ;Of the 



system. If it is to be ^^d for space heating then its teniperAture shobld be, In 
the range of 40 to 45°C (1,?3 to >31:°F). If^^is to be usid'fbr ^direct cadlinj 
then it must be somewhene around'5 to 15°C (41 to 59°F). Thisvlow temperature ^ 
can be obtained by operating the collectors at'night when :thev^]M^dft jlr.ls 
colder* If the system^s to be used for absorption air'condi 
transfer fluid must beXjiuite hot, 110 ,ti 120°C (230 ta 248^ 




Circulation and storag^pf the heat transfer medium 
pipes, ducts, pumps, and fans, and assocnated control equipmi 
may be necessary, to intefface va solar cofllfctor asing water 
medium with an existing hot Air system^ j ^ 
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SECTION XIV 



SPACE HEATING 



ACT I VE ;SOLAR^ |M.STE,J^ 



Flat Plate Collector Efficiency ''^^fklpl^v 



Procedures have been deveToped by NBS and ASK^^Hd adopted by Hl^Q to . 
compare collector efficiencies. Test f aw 1 it^es, suc^^^h# Desert Sunshine ^ 
Exposure Test Facility in New Mexico ^ have been set ^^fr-ica^ulate collector 
efficiency following these procedures. Most major'^^^tec tor manufacturers can 



p^ovi^e^ these Independent test results to prosp^dti^i^^jyers^. Th^ basn^ Of most 
'\vbf these efficiency tests is the determination of ^gj|1^^ a 
furietion o^ both the solar radiation Intensity ,aii^ ^^;dl|#rencrBl%ween the 



amble/ij: outside air temperature and the coll ect^Ms^b^^ Collector 
effi^^ency.ts defined as the ratio between /the wergy^ 
fliifd:)\and t^ie. energy incident upd'H^'Ihe collplbdf f^^^ 



^l lg®^P^(ab sorted by the 



f In order?* ^o^termine\these quantities^ Jhe'cGiip^por is set up outdoors, 



^qper;iy ofl^ntedp^il^ inlets t^l^ito^ sensors are attached to 

%^Ke dnffei and'^ of t>ie collector. T&gts^^^pnduAed around^ noontime over a 



^hree* w%k. per^i 6d . 
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' >^^^- INLET' T^M^fwfcuRE 



1# 



* .often taken: oS^I'-^t— '.'J? 



f ' ^ PUMP 



now MITES in 



if- 
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SOLAR 
pySANOMETER jHt) 



[H AMBIENT A!« TEMPeBaTUBE 

11 , Sensor fras 



I Data obtained Includes: flow rate of fluid (F), inlet temperature of fluid 

(T.), outlet temperature of fluid (T^) ambient ai r temperature (T^), solar 
pyranometer reading (H^) in BTU/ft hr or KJoules/m" hr, time (t) in hrs. 

' ■ ' ■ 

^ ,1 ^ «• ■ - Heat coneated by fliiid -.qq 

% Collector efficiency, n - solar energy Incident on collector • ■ ^ 'uu 

The heat collected by the liquid is stored as sensible heat; we have already 
seen that thi| depends on mass, specific heat, and temperature change. . ; Therefq^e, 
we use the followi^ng equation:- 

, Heat. collected by liquid (Q) = weight of liquid (w) x specific heat of liquid . 
(Cp) X temperature change of liquid (&T). 

Q(BTU|^= ^(pounds) ^ ^P(BTU/pounds °F)/*^^"^(F°)^ . ' 

The weight of the liquid passing through the system depends on the rate of flow and 

the time. , 

Weight of liquid = Rate of flow x Time 

' '^'(pounds) "''^(pounds/hour) ^ *(hour) 
OR 

Kq = Tr— X hour 
^ hour 

AT is the difference between the _^mperature of the liquid at the inlet and outlet 
^ of the collector, iT = (T^ - T.) in °F or °C. " 
The' heat collected therefore is: 

. , ' Q = F X t X Cp X (T_ - T^) BTU's or Kjoules 
' Now in 'order tp find the efficiency, Q mu?t be divided by the incident solar 
energy on the collector. The value of the incident .energy , I, is found by the 
following equation: 

\ ■. ' ■ ' . 
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Incidint entrgy (I) = Collector area (Ac) x time x pyranomiter reading 
^(BTU) ' ^^(ft^) ^ *(hr1 "^(BTU/ft^ hrf ' ' V " 

/ or ' • 

= Kj - ifl^ X hr X ^ X hr ^ 

Thirefore the % efficiency (n) ^ F x t x Cp x (T^ - T j x 100. 

Ac X t X Hr 

In these testSp the efficiency iJ^-plotted agalns a paramiter defined in 
HUD specificatlonr (ASHRAE and NBS differ slightly) as: 

Iplet temperature minus arrfcfent outside air tiftiperature 
Solar ener^ incident on coTlictor 

T . - T . -F hr ft^ ' % hr m " 

^ J - Kj 

The^ graph plotted^ then, is collector efficiency vs. thi parameters -^1 



PERCENT 
COLLECTOR 
E^ICIENCY 

100 T SINGLE GLAZED " 

COLLiCTOR * 

DOUBLE GLAZED 
-^cbLLECtOR 
B 

PARAMETER: (T; . Tq) ^f^hr-ff^ ^ - 

\ ■ U BTU 

It is not as easy to picture the significance of this plot as it is some 
of the other efficiency curves used. Instead pf plotting % Efficiency vs. ^^i 




..I 

another method plots % Efficiency vs. Absorber Temperatures absorber temperatulre 
is usually ^ken as the average of the Inlet and outlet temperatures: ^o ^ ^1 . 

P IB CENT *■ 
COLLlCTOR ^ 
IFFtCIENCY 

SiMGLE GLAZED 
COLLECTOR 

DOUILE GLAZED 

COUECTOa , ' 
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' One can fe&dily see now that at High absorber temperatured| 
markfed increase in efficiency with double, glazing. However, if you 
tri operating the collector at low absorber temperatures, then Sing! 
actu a lily provide greater efficiency than double glazing. 

A tturd way of plotting efficiency curves plots collector efficiency vs. 
the temperature difference, (T -.T ). The curves Immediately above {% efficiency 




VS. a 



^orber temperature) had to have been obtained at some ambierit air temperature, 



Therefore, this should have been taken into consldera^tlon since heat Josses and 
efficiency depends on the .ambient air temperature. This new way of ploffc^|ig 
effTCiency takes thisMnto account and meikes th^ curves more useful. You can 



FIRCiNT 
COLLECTOR 
EFFlCliNCY 

lOOn 



50 




' .. ^ (Tc ^ To) 

see the greatest efficiencies occur when the difference between the collector 
temperature and the ambient air temperature Is small. Remember the collector 
temperature depends to a large extent on the rate of flow of the fluid through 
'the collector^ a fast flow rate BrOduces a lower collector temperature and therefore 

a smaller (T - T ). This means the efflc-iency will be higher. You do "not want; 

c a ' » 

conditions near stagnation to occur because, not only do you run the risk of 
damaging the system by overheating it, but you also have greatly reduced efficiency. 



s^s 



You- 4hould examine each of the parameters involved in the determination of 
the efficiency and learnhow It affects the overall operation of the system. 
C^ireful adjustment of each (If possible) will .result In maximum energy collection 
and storage. > . 
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\ NOTE: Thi above discussion refers to a collector using a liquid heat 
transfer agent* Slight modification of the equations may ^6 necessary * depending 
on the parti qui af units in which your equipment is calibrated. For examples 
perhapi your flow meter reads In gallons/minute (or perhaps you have no meter an^ 
you ^asure the flow by allowing the water to fill a bucket or pail)* You then 
need to use appropriate conv|^rs1on factors to change your value of gal lons/mlnute 
to pounds/hour so you can use i*t in the equation. 

' : . ■ 

.'If you wish to a^ply this equation to a system using air Instead of a 
liquid, then the equation must be modified. If you do not know the pounds/hr of 
|1r flowing through the system^ but do know the velocity of the air through the 
portSf then' the^ efficiency can be found by r 

" ■■- " ■ " - ' Z - 

% Collector efficiency * ( density x velocity x T k radius of port x time) x dp x AT 

^ ' Ac^ K t X 

, 2 ' ■ - 

% Collector efficiency = d x v x wr x t x Cp x at x 100 

: ' ^ ^ „ Ac X t X Hj~ 

> , 

^ f - Notice that time In the numerator and denominator wll? cancel out; however^ 
' it was le^ here so that you can see that the numeratpr represents the absorbed 
energy and tbe denominator the Incident solar energy. The problem In using these 
equations Is to make certain that units are consistent. You can not use secpnds In 
one place and hours In another; likewise you can't mix metric and English units. ' 
Be sure to convert your pyranometer reading to units consistint^wlth the rest of 
the equation. . ^ 
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SECTION XV 



S P AC E HE ATI N 6, - ACTIVE SOLAR SYSTEM 



' ' ' Its -Operation 

•We have discussed each of th^ CMiponents of an active solar heating system. 

Here we shall discuss, the opi 
Systeni shown below. 



Deration of an entire sy&temt such as the l iquia 



SOLAR COLLECTOR 
ARRAY 



DiFFERiNTlAL 
THERMOSTAT 



CIRCULATION 
PUMP #1 




EXPANSION TANK 
(NEEDED IF COLLECTOR 
CIRCUlTjiJS CLOSED LpOP} 

VINT .'^ 

DOMESIIC WATER 
PREHEATER ' . 



AUXILIARY HiATER 



CONVECTOR HEATtRS 
TO HEAT LIVING SPACE 



CIRCULATldN 
FUMP U2 



The solar ^collectors are mounted on a south facing.roof. Jhey aVe placed 
at an angle of Iftlinatfon, measured with the horizontal, of. roughly 10° ^lys 
local latitude, ^his may varyi maximum efficiency would >e obtained if ^he' . 
collector plane were always at right angles to the sun's ra^s. A .ms&llgnment of 
much as 35^ results in a reduction of incident radiation of on^/ 10 p|rcerlt. - ^ 



The differenml tontroller is a device that senses the 



Derature on^the 

conector absorher Rlate and 1n the, storage tank. When the collector'temferatur| 
1s a few: degrees warmer than the Uqaid in the tank, tfie ctintfoller turns on ' 

. ^ . . - ■ -:'V ■ ■ m 

\ , / ■ . 
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circulating pump #1 , and Ithe system st^r^ heat In the large tank. (The^^dntrontrJ 
might also activate yariaus off =on valves that have not fe^ shown in the diagram.) 
TS<(ard the end of. the day as the sun's rays dimi-nlsh, thal tink temperature 
becomes higher than the abswBer-.pJ ate; ^the diff^ shuts off the : 

water flow througffihe coll'^^r^and thS water drains ^out of the cQllector back 
into the storage tank. The expeinslon tank shown in the drawing is needed in case 
the collector circuit is a closed l^op^ using a heat exchanger to, interface with " , 
the storage tank. When the living space thermostat vsenses "heat" is needed, it 
turns on circulating, pump #2; heat is now transferred from the storage tank to the 
interior of the house by means of trie convectors. In the*event the temperature of 
.the tank drops below' that called for , by the 'thermostat, the auxiliary heater 
(gas, ,011, electricityKis turned on. By proper use of control devices and valves ' 
(not shown) this auxiliary l^eater could be lised .tb,^^,e cirtulate its own > 
heated water through the convectors alone or 1t° could add heat to the storage unit; 
A heat exchanger is also shown that acts as a preheaterVfor the domestic . ^ 
hot water system. | , ' " 

A liquid system can easily be ^onneeted to (interfaced ^ith) m exisllng 
torced hot air system as showp below: ^ ■ . ^ ' " 




FINNID CONVECTOfi 
HEAT EXCHANGEB PtACEO 
IN HEAT DUCT WofiK 
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- atr: systems.; The watti^ temperature nee<^d to space heat us ij^g hot, water eon\(ictors. ^ 
"iSin Plgure 1. is 70^to Stf" (160 to fSo°F) i in 'the case of forced hot air 
Vigure 2) the air ttmperature nteds to btf only 27° to 38°C (80 to 100°F). 'Hot-air 
collector sys terns also Interface, easily with forced air systems, but the control 
and pumping (blowing) of air' is, more complicated and expensive than that of water. ,; 

The solar-assisted hfeat pump may be a good choice for a heat system in , 

much of the'coflntVy. Figure 3 shows how the evaporator of the heat piMp is coupled 

to the heat storage tani; of the. solar col Teotor system. The coefficient qf 

...-i ' ,f, n p-vW s lL^.il Liumn l^^^"^^ ^o living spage y fj^p^pHc <>n th«> : , ,, 

performance .( CO. P.) of a neat pump Ag^g^^ input to compressor ^ : , 

temperature at which the eyaporatdr coilssop^te. 1) This is normally the outside 

air temperature. 2) The .efficiency of a heat pump aecfeases with decreasing outside \^ 

air temperature. ■: 3) At 0°F the CO. P. is only about 1.4, 4t 30°F it is about 3. - ^ 

and at 50°F the C.O.P., is about-4. During very cold: yeather, considerable savings 

can be rallied by ■operating the evaporator coils at theKinter^di ate temperature 

.Qf the heat storage tank, even though this temfJerature may still be low compared . 

,to that actually needed to he^t the Interior 'of the hm^. Fu^hermore, the heat 

, pump can. be reversed in summer to cool the interior of the house. • 



« Dirict (jonversign of"^|l^^^iw into ilectrical energy 1S|poi*^ble by • 
means of a dtvice qall^^thi sol on photovoltaic ce^^ typVyone 
has heard of thtse Evicts because of thtir wldel^^^J^ ust aboard s^dt 

^iclas. They art solld-state^ftvlcies cfesel/relateOo the translstop. As ^ 
suthi th^ ar#.^m^^ of a class . of mattrlals known, as .^f ami icopductors* Thest materials 
have eWetrical resistances higher than those of (he really good metal llc-condurto^ 
sychf as gold or copper^ but consrd^ lower than thos'e of the poor conductors " ^ 
(Insulators) such as glass or mica.* * 



Most solar cells are now made of single crystals of silicon, although a 
Ifrge number of compounds such as gallium arsenides cadmium sulfid8i..jnd cadmfOm 
tefluride are being investigated. Selenium cells have' been used *for mafiy yeari, 
bui these have much lower effUcienAles than silicon cells* '''^^ 



Silicon litoms are similar to caFBon atoms in that they have four valence 



electrons that they shve* 1f possible^ with other atoms in covalent bonds. This 



covalent bondlngt In which two silicon atoms share a pair of electrons in thelr^ 
outermost shellsV te the Wst stab Te configuration for silicon atoms* Silicon, 
^^atoms therefore* normally arrange themselves in a cubic crystal lattice ig which , 
each atom forms four covaTent bonds wtth its neighbors. ' 



— S<-*^.S1™^^S* — 



I 

> I 



-SI--- ^-si^-™si™ 
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{ i nd 1 catei cova 1 ent 
bond conslstini^of 
tyio shared 6l#c4rons) 
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int, pure >it\con i* a rather-pdor electrical conductor. Conductimi depbndS ort. 
electrons that are relatively free to move around through the crystal or lletalllc. . 
strVicture. By adding a small amouh^of impurity. to the silicon '(roughly J rfpart 
per willion) this condition, can be altered significantly. , for instance. If atoms, 
are addid that have five valence electrons (arsenic, phosphorous, antimony) there 
will pe an e;<cess of non/shared valence e'lectronsi these wi|l be relatively free 
to moie arou.nd through the crysta^. Silicon with such^nor type irflpurlties 1s 
cal'ledlN-type silicon, because thff excess- electrons act as negative charges. 



I I I 

.^.S1 -S1 ^Si-— 



.^^Si-—- Si Si — 

I t f 



(indicates unshafed 
valenee electron) 



' \. Ort the othe^ hand, if Impurities, such as boron, gallium., or Indium having 
only tttree valence alectrons^ are added, there will b| a deficiency of valence 
elertrons.! .If these acceptor Impurities steal ^lence electrgrl^rom nearby silicon 
atoms in otder to complete their covalent bonds, holes i^ill be left in neighboring 
electron pair blonds.' The holes represent a deficiency of electrons and thefefpra 



act as positive charges 



1 



...Si-.,..-S1q* S1- — 



^..Si — — -Ga-—- -Si — 

...Sv.^.-,Si S1--«» 

.1. is * # > • 



® 

(Indicates hole formed 
when electron moved over 
to complete gcilll urn's 

''bonds) , . 
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* ^^W^typa of material is called P The holes : ^; , ,i 

' . . ■ ' '. . ^ — ■ • ' ' , .■ : V - • ^: / ^ , - . ^ .. , ' \ ^\ ; 

l|pve irountfthrough the crystal as atoms .compete for electrons to complete their 

* \ ' " ' " , ' . ' . " " . . , - ■ . 

electiton pair bonds* It should be rioted that the acceptor atdms (like gaTTium) 

taking on an extrav^lectTron becorne negatively charged Just as the donor atoms 

(like arstnic) bAome positively charged as they lose^their fifth electrons in the 

N-type s^ii 1 con (There are also minority carriers :[t»olfel^ in N-type silicon or 

electrons 1n P^type silicon . These arfs^ f rom ^tfrnwhl oreaKlng of bonds due to 

thermal agiitation; abfebrpt ion of Tight ehprgys etc) 



i^The solar cell Itself opnsists of a N-type silicon base with an extremely 
thioi#??^type silicon surface. The sunlight can actually pass through this thin 



sur^teK;;f ;a^ beneath the P-N junction. Con 

to th^ iipper and lower surfaces of the crystal. 



ion leads are attached 



-J 



r 



TOP SURFACE, 



P.N JUN 



SILICON SOLAR CELL 



?-TYPi (GALMUM IMPURJTY) 




' L ^^^^ NfeoAtW^ 



N^TyPl (AjSeNiC tMPURt 



BOTTOM SURFACE 



ELEdTRODE- 



KEY 



★ .FRii (MOBILE) ELECTRONS ^ ® .FIXED ILICTRONS 
m ^FREMMillLl) HOLiS ' CD PIKED HOLES 




© .ELEcft©N-HOlE PAIRS CREATiD 
, BY PHOtOlHS . / , 

0. MAJORITY CARRIERS 



I 



WIR& 

★ 



EXTERNAL 

LOAD ' 



Jj 



.ORIGINAL POSITIONS 



® .MAJORITY CARRIERS COMSINID AT 
JUNCTION LEAVING NIT ^ AND + 



CHARGEi ir^R^aiOf 



er|ci 



#1. 



J 



) 



Consider W' p>Bvious diagramV the Interface between the P-type and N-type 
sillcon is known as thfe P-N jiinction. When the. two laytrs are first formed, they 
are ^Itctrifeally ntfutrai. Whin placed in contact with each other, diffuslon^of 
.the majority; carrtftr occursi the holes In the P-type slllcon'and €l|^rte^icti^ons 
In. the N-typti si fi con iinove' toward: the where sonii of them comtiint arfh^ ' 

become fiytd. ' The removal of some of the elections -from the N-type material near 
the P-N Junction leaves a nit positive charge In this, regiftn'.and the rimoval of 
some of the holes from the P-typd material 'leaves #1» ,w1th a net negative chgge. 
This constitutes an el ectH pal . potential or harrt^^^tr^^leld across, the PpN 
Junction. The build bp of this field prevents the rest of the majority carriers , . 
ffom crbssinj the junction and combining; thisTirnits the junction potential , « 
(voltage) to about 1/2 volt. • ■ , -s, ^ • • 



. — - '-he I 



The iiifface Of the solar celL1s.;pow exposed sunlight. Photons 
Tittle bundles of energy that make hp llihl) collide "with the valence electrons of • 
the atoms of silicon on both%#ides of the P-N junction' If 'the phOtonsyhive 
sufficient energy, they knockithe valence jplectrons loose^and^he| can act as 
conducting electrons. ' In onder for ^electron ^ be^.knockedjloose from an atom, 
it has to absorb a certain amount of energy f '^h^amMnt of en#gy that a photon.has. 
depends w the frequency, or, wavelenglh, of^the light. E - h^^wherfe E stands for - 
^energy in appropri|te uhjts, h lor a ?onsta^ (PJtenck'ycons^nt) . and f .for 
frequency. The higher the freqi^ncy (or t\m shorter the wavelength) the greater 
the amount ff energy carried per photli. Tt*re fs a certain mi nimum^thresffold 
■ frequency V llghf belgw whii phoftns wil^ not knock electrons out of^particular 
metanic elemeht: In the c|se of siUcon^'all visible light and even some infrared ^ 
light [tfi. a wavelength of aiout 11,500 J ) can knock electrons loose from' their 
bonds SO they, may biconw conducting electrons. . 



■..■'■87 . ' • -'.^.r 
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'^rv / ; Wkn-ct fr^'Siaciron 1i pro<^Ctd, so is a c^rrfspdrldfng holt which can y 
act effecttvel^^al a fnabilt positive eH^^J * As thi, tltctrdh-hole p^irs aif^^;/^ 
■created by tha pholons striking tht ©Tic tr^s within the solar cells the elictrons 
f^^d the holes movr undar the Hnfluence of the btarrler fi el d^ toward opposite f^ces 
„:\bf the cell* The fif^ee' electrpos are repetled by the net nMatlve chatrge; of the 
P-type' rig ton,, toward th% N-type region'or bottom section of tnt celUVstHe^ 
dri JIn by the net positive charge towari the top of Wti<^qi off. Of d^ur^e ndt ^11 
holes or electrons. arrive at the -top and bottom^ surfaces 
electrodes are attached; recombination of hol^s eleafnon 
regloni Of tKf pyrstal V HoM^ever, the dlsplaceifif nt' or sepa^ihtl 

(electrons) toward the lbwer*elictrodt and^Holej towa^rd the iipiagr^; 

• • ^^. ^ - ^ ■ ^ '^-S. 

poterftial dl^erance (voltage) between 

connected % the two plectrodeif electrons 

'^ (N^type^rfgton) through the wlr^ and load to 

where they comb we- with the holes. 




\ \ In ad^dliJon to providing 
have been used}a$^lo_vy energy spuro 

abpard boats aiid navigation 

^ " ' ' . / : ' " --^^^ ^ . . . 

widespread use haif*^been llmltefyjy^ttiiir coSi*' |iaift§n^ Is t^pepaSyg^i^;^!^: 

it must 'be. highly purified £pr^t^in solar cte lis :aM if t-ifiust^e Jgro^ in 

sma^J, quantities Into single cr> 



^n:h% ci^staTs/ aril QimfLi1% .sMded;: wi tH dtamond 
saws into thin ^wafers a few hun%^l^^*fan inch tHi%^ 



the caM * The typf 
*squai.i^centimeter a 




J' 



of impurities must be introduced^ f^.t^ 

pro^^^j^liv.ftir^ei^^ of abrQ^3O;jnn4^1^0i^^ 

^imum v(Maqe of about T/2 Vol t; Ma)n&bi;power bi^ 
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f;;;!.;::- 'y4^ Wf^^^ ' " - .... 'f.x . - h \ ^"'.^ )r. ^ 

#iirf paj^a^ T^^^ hightr ypltag^- and ^urrent /outputs v. 

y V^roductii jDn-i^^ 11 percenh maxiniuni. efflc^ene^ ippaars;.^ 

& whtre aN)i^dif^^pAint\- ths,cost"of soll^ct|ls wa^^apprp^^ 



Mn975 the cost was st1 1 1 $30,aD(^ter tet^a^t." .^hk^W^gest 




pif kil^w 

terrestVil ^fa^ tell unit built 1n this' 'fcouritry. to dat^ is a dn^llowHt unit.V 
consisting of about T*;000 indivlduaT cells (Mi^#^ Corpora|1ton Wear Wai^^ 
It iseskrnated that the cost of 'sol ac calls must' be^^ducad.tb.'j^^^ 
kllowi^t in drtdar to beconif cGmpetltlvi' for usi 1ii ceWra|,powe)^f.^ 
the us^ of ceJtral ized solar cell' powsr aenera*1on ,&)so riflinris largi tracts. ^ 
Tina/, k woul^^^ \ 



^ 0ur>ro3ecttd Electrical energy nieds fotf the year M20 



i '^'^ : ih^rB -^^ use solar. ^^Us wltaV^tM^^ 

ities Of ^ind:^ ■Qhe involves thB decentralization ,pf |1 Atncaf generalipg 



MmtiM^il^iri^uciv k system. -much -of an lndi,v1%at'tdmp'| electrical-' hteds 
'€e.-proyidtetf ^.(4*ns;':o^ roof-mounted solar panel: array ^ "At mi^*^^.^^T^^y^: Tl 
li/'so/^at^' ^anel ■ oKsdlay- celU can produce over ,;l"^\l o^t ? : avftrtg^Hoy^f 

^ihe efiiT^/jrear. l^tth:^ 'of, about 5 kllowaks^of pqw%;|t^ noon on % ,sunny 



'day ■ ' Thts^ 1 MoTi Afian adequate, to' meet the .el f cg^tc|l ^edr o^ the .^irage housa-^ 
;;hbid. :^tf^1hHiai cost is prorilolt^ nowever; lira on ¥OTm 
^^vfelactriqai storagrf f acl 1 i ties ;ai^ ne^^d. 



Ki#n, larga scl 



i|ded/ At night, -w^n tha^Uc^lcal energy * j 
iV most nrtded^the sunMs. not shining bn the solar^ce|^/ EljctrS^ ^rtoragei like ^ 



the solars fc&l Is themselves, 1s not cheap. 

The other suggested way to use solar cells v/1thoi^'^1 



land is way out rpug 



ihly 22,000 miles from -the" ^tffi^ ^t 1^ ^en suggested 
that two geosynchronous power plants be cDnstructed;1n' spa^ inhere the am9upft of 




8-^ 




.'so'Tar' ^nei^frece1vi?d is as much as 15 tiitis greater than that received by the • 
^ ^.ns^f panetl /nioua^^ a fiiced position on earth.. ^Here in space the solar radial^ibn 



•:;\'t^|^recitiP5 there are no clouds, the panel can always be positioned at right angles. 



.v^;';'t^/-tHe-.iin's Hys, and the sun shines twenty-four hours a* day. 



en eartH 




^Selar panels (always fact the sun) 



IS orbt*^ 



fynchronou 



f 22,0O0 ml lei abbvt 
earth 



Two w1ng-l1ke solar panels nearly 3 miles in length and widte would generate' 
electricity. This would be converted to energy In the form of microwaves and beamed 
down to earth by a transmitting antenna 1/2 mile 1n diameter* On earth a receiving 
antenna aBout 4 rnlles in diameter would collect the energy and convert 1t\ back 1rit| 




electT^ielty^with an overall efficiency of -about 60 percent. Such a uQl^would 
produce about 5,000 megawat^* By today*! standards, a 1,000 megawatt power plant 
is considered large. Needless to say, this 1s not likely to be buift within the 



immediate future,. 
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ELECTOR I C A L PRODUCT 



- TH E ■♦PO'WER ' TOVfER 



In th#,prtv1oui 'section wt eKamined the dlfefedt, conversion ^of light 
energy into electrical energy by mearis of the soUf cill* It i many - 
advantages were offset by its current prohibitivfe^ high cost, Thert 4re ^ 
other wdys-o^-predyeint^^ from the sunW entrap One involves 

converting the sunn's r^idiant energy intOv thermal inergy and then into 
felectHcal energy by means of a boiler, stea^n; turbine, and electric gpntrator 
combination/ Tht 4i1gh tOTperatpe needed to ^procluce very hot steam is , 
obtained .by concentrating the sun's energy on a centrally-Ideated, elevated 
boiler (power tower) through the use of #many focuilng mirrors. The advantages 
of such ^ystm are It's relatively high iff icitncy and its advanced state of 
technology. A large electric generatorj/pne of^our-most efficient machines^ 



nearly 99 percent efficient; a large steam turbinf has fin overall efficiency 
of about 40 perdnt.^ The high temperature of the staam prodMctd by the power 
tower (900^F to UOOO^F) is comparable to that produced by conventional 
fossil fuel plants. Focusing-type collectors are inherently more efficient 
than low temperatur^ flat plate collectors^ the efficiency of collection 
and absorption of energy by the boiler could be as high as SO percent. The 
overall efficiency of the power tower or central receiving systen would be 
* over 35 percent, / 



There are basical ly two typas of 'fotfusing reflector systeijis. .One ma 
use of movable flat mirrors arranged so 4at they, act ,a#A large single parabolic 
surface with the tower at the focus, fhe second s^em Kes large individual 
parabolic m+rrors that *are als,o, movable. These cofctrati the|unlight on' „ 
the surface, of the tower. In either case, much of %he overall cost of the system 
is 1n thp control and moving of, the mirrors. ■ ' ' ^ 
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sun's 




FLAT MIRROR ARRAY 




parabolic mirrors 



PARABOLIC MIRROR ARWY 



. \ ■- 

There are actua44^. t^Q. types of high temperature conecters. One t^^pe . . 
absorbs energy over the whole surfate of the boiler/ This boiler may be enclosed 
within an%vacuated glass spjjere. The other type works somewhat Ttki Si^^'black body" 
Where the concentrated beams of radiant energy are directed. Into a cavity on the 
side of th& spherical coilector. Colls Inside the sphere ^ are heated by the ^ 
ab^^rbed ener^t |rid the water tnslde the colls is changed to high temperature * 



: ■ 'A 
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^ strain.- This typevof^cpllectoy is more ^fftcienti hoilJeverv it :Y«iqu1ris- moire Jh^^^ 
.. V focused beafns and 1 greater pre . : 

^ : A mimber Of powir towen units have been proposed. One would consist of / 

^ ; ■ ■ - ■ ■ -,■ . '-^ - ' - ' ■■ -■• 

. a 150 foot diameter boiler tfiounted atop . a USOO foot" high tower. Over a 

thousand flat mirrors |bout TO feet across^uld focus the sun's rays on^n area • 
' on the boiler's surface. The mirrors wouTd be positioned; on about one square ' j 
mile of Tand surface surrounding the JboiTer. , The output of the system would Jse 

: about TOO megawatts. At thi present time a ^maller,,,5 megawatt power tower Is being 

built for evaluation and testing near Albuquerque, 'New Mexico. Most engine.er1ng 
• studies have Indicated that'these units should be competitive with standard 

fo^ll fueT plants. : In particular, they' may be valuable for supplying power during 
' peak Toad aemand. Should this, occir during the daytime, it would minimize the 
problem of energy storage for periods when the sun Ts not shining. ^ gen|;^al,- , 
these power plants would have to be located In areas that are relativeT^ree 
of clouds since focusing collectors can utiTize pnTy direct radiant energyi 
diffuse radiation is of no value. * . 



SECTION XVIII 



ELECfRICAL : P R 0 D U C T 1 .0 N - 
THE DISTRIBUTED SYSlEM^* 



^ ' The power towtf diseussid in the prtvious siCtion makes use of marty mirrors 
to if dcus the sun' s rac^)^^^ energy on a single centfally lofiated boiler, 
altirnatlve to this is^the distributed systemrthis systeni makes/use of many 
mirrors to concint rite, the sun's energy on a series of pipes cbnt^ining the heat 
^transfer medium* which might be witter, liquid meta^, a1r, or sdme^^er fluid. _ 
JThe. distrtlbuted^systam.Mn us% diffuse ligh^ to some extent Lhowtyeri^ji nee Ji^^ 
transfer takes place at thfe remote^ collectors instead of rt the boiler p and 
^sir^, the temperature in most cases is considerably Iwer (200 - 500^/) - 
(90 - 260^C) the efficiency J s less. Howevers in a. few of these systems,!^ Use 
tff tracking parabolic mirrors cani result In temperatures over 800 F (427 C), 

:/ A large number of dlstVlbuted collector de"signs are undergoing development 
and testing under funding of. t;ha pritted States DepartTCnt of Energy. Some of 
these are shown In the sketches bejgw: 
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MSVAILt CQLLtCTOE TUII = 
[FOlLOWl BfFlBtHCl CtUNBtR| 



IfPERENCE CYUNpES 
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FlXip MjRubtS LIE ALONG 



^IXED STEPPED MIBRS^S SYSTEM 
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• In the fU'U scaltf model th1&. unit would be about 10 m wide, 180 m yg. 
and*16>htgh^ ^. s« . ; • •. -VN-'"- 

r Another sVstem- being studied makes use of segmented ml rrori 'that approximate 
a eyllndncal parabola^ Thef mirrors track tte.s^n and concentrate its Snergy 

on a fixed cot lector ^Jbemoynttd^^d^ assembly: 

^ - - ^ ■ . ^- ^. / ■ ■ r ■ ^ "H. 

' ' ■ ' i 

XOLtfCtOR TUB! MSUHTED 

IN iNiULATlD BOX WITH ^ 
SLAZI^G ON BOTTOM SrDI , ' 




lipMEKTEE MlBRQR IYSTEM , 



- ' * In this parti system, the collectdr tube is a heat pipe surrounded-., ; 
'by a 'gTass evacuated cylinder. A heat pipe is an "especially eff1c|ent heat transfer 
''de^ce that- carries, energy from the hot end to th/ cool end of tl!^ pipe. An . _ ^ 
:ienclosed liquid evaporates at, the .hot end. of, the pipe, condenses atj the cool end, 
and is riturned to the hot end by ^a^wtck. ^ Since this pipe^is a closed s34steDV ^ 
Cheat e>ihanger Is fieedel to t ran ^ energy frbrthl: pi^e- td the joper^ fluid.; ^ 
Wpur^^V'an ofdinay^ col'ledtor ttecarfyln^'water or Sohie pther |liquid; cc 
bi^used in this system Instead ^ a heat pipe. 



\' \ If these dis^i#buted syitfems^ are ultimately^ used to genera 
then the heaWdlfluidltnusi be pu^%# to the ^genera|lng station, where the heaf 



te electriXl 



■ wttl be Msed to*;change a ltquid:;sych as water intOjStei 



am 1n ord6icJ.to drive a 
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^urMne geneireto^^^ One pf jthe. dl Advantages o syll^ni is the;, 

■ Sl'S^t of trte heatid^ flul^; It may be necessary to. 4eVel op turbinesp^^ 

? ^ oilMti In Irt^^ other than steamy since modern steam turbines are -distgnpia. 

. = ' to Operate affitlantly bnly at. tertiperatures approaching 800 - ] pOOO^F. f472 6Qp C) ; 

" =. ■ . . ■ ^ ^ ' ^ ^ ^ " ' \ ' ' ^- ■ . ' I; ^ . \ ' . ■• . ■ ' ^ * 

. ^ The4a %^m% could be used for pMrpdses -other than produclng^lectriclty^ . 

\ such as sjpace heating or hot water production. They share with the power tower ^ 
: ^ys tern the disadvantage of requlrlng^large heat storage facilities (*nd' rtduced - 
Efficiency) If they are to be used it^tlmes i)ther than when the suri Is shiMng/ 
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B I OMAfiS qONVER'S I ON 



e^ergy%conv8r|ion proQessas by whlq^ the sun's radiation can be utiliztd is ^ ^ . 
ghotoqhertlcaJI in naturt,^ "1 .e. photdiyntftesls, facts pllo tosyn thai 1s Is tht v 
,bnly piMitfcil photdchemtcal process^ sojar energy can be eonve^ted into / 

itortd chenj^ical /energy, The,'6ompTek w^cess of cbrivertlng carbon dioxide and Water 
In the presence of chldlff6phyl 1 aa^o^r energy to eairbohydrates (^t^ed energy) 
and oj^gen ir atm not^Mleti^^^^^erstoprf^ totaf^^dupllcated 
In the lib* Therefore, if ^^^j^ishes Ao utilize the sun" s energy' through diirtct 
photochfmical conversion* Ha qiusfr turn to pl^anti, - 



"eafth; as such ?t includts all plants and animals, and- their waitf products* 
Blomass^ l!s measured-lh -units, of mass oir volume per unit aria* . Jts a/,poten{1al source 
of energy* blomass /is often defined as growing^lant material* ^ using organic 
Wastes* including human and animal wastes such as garbage, mahure* crep residue 
and sawdust* for fuel. 81 omass conversion is the process of obtaining 'useful 
enerfflf from blomass. Our bodies do thts when we eat fopdir the energy stored In 

^ ■ f . . I 

the f^od Is used to supply our bodies with the energy needed to carry^ out body 
functions* 'This* of course. Is not the biomass conversion process we Intend to 
^^cuss here; rather* we will examine some ways irt which bibmass may be converted 



Into useful fuels, or used directly as .an. alterntftive to^tha WndVIng supplies 
of fpssIT fuel. ^ ^ K ' 

We win start by lookir>g at the, photosynthisl^^roce^^^from tm staVidpoInt 
of sol air enirgy conversion. The other cortvirsion processes we have been, looking 
at use the sun's energy difectlyphere we are faced w4th at teas>t one Iritermediary 
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I ,«fep:^sd1-ar energy:^ S;^oredi^hemical .engrgy -burning useful. hfiVt;' . - ^ 

" ■ ■ energy. Addi^onal sttps- inl g>it Be if-equi re^ -i f the- blomass were h6k burned 'iirectfTyv;-,^^^^^^ 
, but insttid •cbhverted fir^ 



-^frtepS--fff*-aaredy-^ 

- : - In an earner section wi saw'that the aniQiint o'f^solar energy arHvina at the 

; ■. edge of dun atngsphtre was; ap^r|k|nia|ely^1^ the tlmt^this^ was 

averaged oven tht, who1,e tarth #l)urfact. and laepletl^^ had oceurred as ;the .spli(r '"W^ 
' ■,. beam passed through "tht atmosphire* the amount of available entrw was - rtduced to> 
H mi average ^.about .25 cal/cm /m^ft, Howevt»\.at any one spot^ the maximum vfnsoldti on 
flight be as much as ,1.4 cal/cm /mtiM solar nopn on a bright^ cjear day. We also W 
not^d that on an averagt, roughl^y 47 perGtnt of the original solar beam was absorbed 
/ by Ahe t^th. This Is notf, however^ the ffmountvoj ener^ ^kvaUable to the. plants;: 

^ ^ ^ . J / ' ^ ^ V ' ^ ^ .... ■ . . . - " y 

. .. most of this 

or stored as latent heat in the evaporation of water, Ener^ conversion Is theri 
* fuf:ther reduced 50 percent because only^ wavelengths in the visible r:egion of jha ' 
spectrum are effective- in the photosynthesis process. About one-tialf jof the ^ 
iiT^dent radlation^at the surfade is in the visible spectrum^ Altogithef, about ^ 



l.pfrcent of the sunlijght faninj|:l|pon the surface of the |arth Is used by plants 



i(l the photosyrt thesis process. 



^ Laboratory invest! gati Of! has showrr that the upper limit of conversion. ' 
efficiency for photosynthesis (solar energy ^ plant chemical .energy) is about 

30 percent. However, pi ah ts seldprp find 1d#al conditions; t(\e temperature may be ^ 
. so low th^t only mlnimutp conversion occurs , water supplies may be limited, or other 
^ ^ ^essentiar nutrients may be lacking. Therefore^ even though thfr plan't may be receiving 



sufflci^ent sunlight^ little conversion to biomass occurs,' In addition, ,much of 
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the-enefgy absorbed, by the plaht Is used In. respiration and maintenance rather? than v 
blAiiass proctyctiQa., ''T^#;'§nd result is that photosyntbifils efficiencies grange frorti 



- 3'-^to 3l parceifji t wi th an average . around ^ percent. 



' " ; All in all, scanew^at less than 3^.m qfi one peV-cent (0,1^) of Jhe , total 
'ertifgy' Arr^viitg at the earth's surface Is eonviprted byt plants into stored chemical 
energy througTT the^'process oY photosynthests. 'If this biomass move^ up through 
food chains/k aboui 90 percent , of the available enprgj^M is lost . at each $te^ or 
exchange beWeen organisms. '(See figure 1). ^ 



/ 



> iNlBGY LOiilS IN FOOD CHAINS ♦ [ 

Percent o( Ojiginol Itiergy of flanfi Remaining Aft^r E^chan^^ 




XIX-T 



" ' itTls iiii|ortant to retnemberj^^a^^^ ^matter' tr riturrisa ' 

ultimately to the bfosphere /and recycledV energy^ust be Wntlnuously ^uppTled, 
since it flows tt^rough 'ttie ^systferii only once, endiirg up. eventUalTy .as heat energy 
lost in ;.space. (See J^igure 2)/ ^ , , 
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% now j^oa should recognize the fact that' thi proeess of ^onvertl^^ solar , 
rgy inf|..6.iomass,J^; extremelif inefficienjc Ineff1cient*as;ll may bef^it is the 

us. on J more, avenue by 



oniy sourc|^/of pur fbod Supply. FurthlrmbrS ft does offer • 



whi ch ' we •cari^b'tain' eriergy from th§ suo.' $ 



, let us look" now at some of the w^s, that this- en^gy c*an be obtained'. We 
aid>|rlier that bi^ass is often placed in o*e otUwo'' oftfegories from ^^ste 



C 



tand- 



poitf^ of ervr^y, conversions. v^he^rowln plant material' Jr the using of organic ^ 
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I Plant.matfer^l, of cdursi, is us«,d for fqodi us wtll is fdr energyv. .V . tV.. 

productlofi,. Whtthit" axisttng crop lind. stiould bi\rimovid^ from^ftfod production \ 
^ Tn order to use itjfQr energy product^rtnts a dIfftcuTt question,' Many people , . 

\flmeri ran agriculture I .as presently .prac|tic6d; places great reliance on outside' 
fenergy suppllas^^ch- as chemical 'fertil J zer^ahd mefchanlzed labors for crop 

^ productlorf, and hence Is^extrafntly inefficient When vthase ■outside energy sources are 

:■: ' ■ ^ ^ ■ . " ' ^ - / '-i : -^^ ^ - ^ '^'.^ - . ; 

tnken into account* . tenns of energy, natural grasslands 'are far more efficient^ 

tKah lnten^iVily farmed landr It has been suggested^ that more energy efficient t: 

- ■croiJi than thbse presently^ used can be found, F9r example, photosynthetic ■ 

•{©fflqliencles of 20 to 30- percent (of '^gross productivity Including both blomafiy * 

conversion and t^eat of respiration) have ^een obtained in the laboratory using 'the 



alga Chlorella. This is roughly ten times the efficiency of corn production (1,6%) 
wrt^v(^-2%) or pas^urejTiind (U). . ' f / . |^ 

w Certain land'plantsprodu as a result have been ^ 

suggested for either^ood or energy production. " These Include sunflower^ comfrey, 
iti Sudan gras?, and|naplef gra$s,^ Fait^rqwing trees, such as poplar^ ash, * 



and sycamore a could^" Used, f on energy production, Tl^se*trees could be grown^ i 
as brush and cut every feyo to three years* . ^ 

The tremendous quantities of organic waste produced each year In the 
United States could also bf converted Into energy, ^hts would includi such materials 



as manure (200 mi 1^1 Ion tons )r crop and food wastes, (390 million tons) ,'lDg^ng 



and wood manumcture (55 mtli1on^H]^j|3j garbage (100 mlTllon tons), and sewage 
(12 mill 1p0 tons) jThese are 1971 ft|ures for dry weight quantities). Of course^ ^ 
'not^all of this materljifl is jreadlly conectable. It. is estimated that the readily 

collectable wastes ^fcould furnish about three precent of our energy '^eeds , It Is 

...... ... . . 1 - 

,also argued that crop and food wastes could better te uied by returning them to the 
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lSrnd,«sfertilizers;ad^so4-Vconditi oners, rather than in energy production, since- 
**'^J^''®'^"*^-^s * ]ow,oyeWan 'biomass conversion efficiency anyway. ^ ' • ' 



: ■^■■[1 "^e' actual cHemlcal processes used to obtain energy frpm this organic 
' wastejhfoniasrcan be divided Into thermal,,, or l\e^ ^quiring processes, and 
Jbfq^Q^ba^i p^cesses. Heat demanding proces'ses Include direct burning, pyro lysis, 
• rhydralienatlon. hydrogastficCtion, ^nd >9iT^ processes' . 

Mncl^ide composting, anaerobic digestion., and.ferm#nfation/i Thes'e are sumnarized 
■ below: ■ * ■ " 

/ . Direct burning: This is probably^ the most straightforward and chfipest 
^ way tor r^wer enerr^^rom bioipass/, EfficieBcy,^^ ^g^^g of hfeff recover^, 

re(ri,ace fossil fufrl use in the home. MunidlRal garbage anfl trash could be 



used' ais a s^pplementBry fuel at poWer plants 



( 



^rolysis: Jhis Is a process in^icli organic wastes are hteated to 
temperakrfSj"(400 - 900°C) In the absence of air to cause a decomposftion • C 
' into setetoL. combustible products: char, oilV' and gas. Some studies "have ' 
shown a net*loss in energy in the process; more energy is expended tfean"^ 
can be .obtained f^m* t'he^roauc^. ^ Destructive distillation is^yrblysis, ' 
applied to wpod''o^odd refusei' dlsiniatlon 'is used to r|cover methyl'' ■ 
-alcohol "(wood alcohol)? — v ' ^ . . • 

Hydroganation : In this process hydrogen 'l^added td^GarbOh rnoleculea ^n " •< 

• . • " ■ - ' ' ® ■ ' V " ^ ) # 

*f'.®e5'"^^-*^"^^- J^-® *.1"9 - 1^ ..Presence of a .catalyst . . Often tbe , p roces s 

uses^'c^rbon monoxfde aM steam at vepy high pressure ( 2 ,000 - 6 ,Ofp pst) . « 
Low^ sulfur olf cln be obtained in this way. ^ ' , ' ' 



\ 



IU2 



ire ^ri be n 



/■ ■ ' 4«» . .^j ^ ^^f. ..... 

t HydroQasi f 1 cati on : , Orgarvi^ wastt$ such as manure pan be • reacted dti^ctly' 
.With hydrogeni igas, at MgH temperature: (500 - 6QQ-0^ (1 iOOO 

ps.1 ); tor prodMif. methane a^ 4 ^ ^ ' ;* 

Acid hydrolysis r Wood wastes can'be treattd with heat and acid to convert 
tKem /Into sugar. Tha sugar 1s^ then farmented 'and dTstjjtlled itoi,prd,dyci 
ethyi alcohol (grain^loefto^), ^ ^ f ^ . 

Fermentation : Organic wastes are decomposed in the absence of air by the 
attloh of yeast/ - Ethyl alcohdj t; a ^ ^ ^ < 

Anaerobic digastlon t ThlsMtf thevbacterlal digestion of organic wastes 

' ■ i . ■ * . ■ 

in the absence of air to -pfoduce ^methane gas. ^ 

sting : Bacteflal digestion of organic' wastes (in practice, plapt \ 



wastes Und many re 5 on Ty) In the presence "of OK^gen produced soil enriching 

/and conditioning subjtances (compost). , \ 

; V ' " ^ ^ ' . ' ' ' '.I 

: • . \ ... ■ ) ' ^- - ■ ' ■ ' ^' ■ • - 

* As seens^ofgan^c. wastes (biofhasj) tan converted into juseful snergy f3y 

a/number of different processes. Direct burnth| of wood Is ^rhaps the most 

effic1ent.Qf thes#; for examples itproci&ces roughly five tifnes the energy 

p'^oducfe^by burning ethyl alcohol macle from pf wood. rrJ ^ ^ 

Growing s^tol lections and conversion df biomass Vequtre lar^e aiims'of « 

jfthiV^^nn^to^ rtet eri^gy saving could be realized just iy^ 

^ ^ ■ 4 ^ r - . ' I ■ = ^ - . . ' . 

the ellfflinallon of waste and the recyCrling of the ma terials,^ rather than 

efie 



by thejrr ^onversionvinto eflergy, 



i 
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' %; \ . S D V A R . H ^ A T I N^ - ■ ^ 
E C O N 0 M I C A N D ; L E G A t CON S I D | R ^ ? r 0 N S R E 



Scrtap-h#at1»n9"has riotyet comt of age, but 1t*s, growing up-fait* Witttin 
the past few ytars several thousand solar heated homes have been bulft. |Incrias1ng 
amounts of state and feAiral mdnits are being dlrectid toward solar enerfgy w '^..y 
research. . New and *tx1 sting Gompanf.es art rapidly tritaring the solar ^1era,tand 
*thi solir products ma rkit^ Is in a state of flux and developmiht. ; . 

However, it is difficMlt tb steseSs >«/hat role solar energy will play jn. 
' theMfiinadlate future. Costs— for:Othir*#nergy sources, are rapidly increasing as 
^ supplies are being depleted. Unfortunately, much of the general public still 
; perceives the energy crisis as the cries of alarmists, or as a conspifacy of- the 
targe oil companies* or at least as a plot of the environmentalists. ^ 

.Leg1$)at1on toncerning solar energy and "sun rights" is also In a state of 
. fli|x. At the .present timrf^there are nl lolar accej^ rights laws In force In this 
country^ althpugh k few states have recently adopted legislation that in soma ways 
astaBllshes solar rights.. Sevefal states have passed leglslation^for state 
;tinanc1ng of soUr energy research and ^velopment. A few states af^d many 
ftomnunitifes now have solar heating "^rafarences jn building codes, t 

. Many states are actively encouraging solar energy use, mos>^tabfy in 
the area rff. tax incentive. According to the National Envpronmental Systems 
Contractors Assoclatloff^thesevStates no 



J Am zona : 
Income j^axe 

Calif a 



pafmlts deducjing the cost of solar devices froi|| state 
es, amortized over 36 months. * r 



fnii r formerly allowed a 10 percent credit ,\ up^o $1,000 
against personal income taxes, ^ Uinder a new law, rfsidents of Single- 
^family dwelTlng^^^now will be ent^^^^^^^^ r 
income tax credit or $3,000, wHIchever is'^the lesser, for sums , * - 
they spend on^solar energy equipment for heating, cooling, ventilation, 
or to provide hot water, ' , • x p 
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. ^ Connecticut ; permits municipalities, to exempt solar equipment from' 
prpperty taxes for 15 ye^rs after cons true tton, 

Seorgla : solar equipment is eximpt trbm* sales tax and from property 



itax» 

Hawaii : allows a property tax exemptiori and a credit of 10 percent 
of a sqlar , system's cost against perso - ' 

Idaho: permits wid'lvi dual taxpayers an Income tax deduction of 40 
% percpnt of the cost of new or retrofit systems 1n the first year - 

then 20 percent for the three following years, up t $5,000 per - /' 
■ year, . . ■■ .._r r /- . - ' ■ ; / , 

Kansas : al Tows a 25 percent -income tax' credit up to $1 ,000 for 
residences and $3,000 for commercial buildings. ^ • 

\ . Maryland : grants city and count^ governments the power toVallbw 

credit against property taxes, i v ^ 

New York :- exempts solar heSting equipment from property tax assessments. 

» , _ ' ■ , , ^ ^ ^ , ; ^ ; . _ ^ . 

Verroont : permits towns to offer property tax exemption, 

■ , . " ^ - * ■ • 

- ^ While the .conversion to solar heating in an existing house (retrofi tting) 
may be economically, m^iiial i 'there are certain tax advantages to incluctlT^L^lar 
heating 1n. new construction. If the cost of the solar Instanatlon'is covered by 
,the mortgage^ then; the monthly Interest and ppnctpaj payment on this portion of 
the loan can be considered to. replace the usual utility^bill for .oil, gas, and/or 
electricity. The Interest payment is tax deductible^ and the principal represents 
a capital: Investment rather than an operating cost/ It is as If you weffe buying ' 
your own little utility company,* ,/ 

p There are perhaps factors other than economic that might b a worthy of 
condlderation, A solar heating system mates one a bit more independent; the sun 
ts perhaps more predictable than those who decide upon oil embargos or wars. 
There is something-=^?^y^ basic about returning to the sun for its direct enerfy. 
You know that you are :not coPitr1^t1ng to the degradation bf the envlT^onment and' 
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you are -not tacitly apargving the plundering of va^t arpas "of land by strip ^ 
mining** the polluting- of the coastal areas^ ana f^hlng. beds by oil spills, or the 
potential problems of nuclear wastes. E,ven ndw there are a flw'idealists who ; 
^ are ready and wiying to shakeVthe fosstl fuel hablfci others will, wait until ^the . 
dollar sign beck^s, and that may, be sooner than you think., • ' 
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